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General Electric engineers combine high power and 
flexible experimental space in new test reactor 


A major advance in reactor technology was made by will use the reactor for fuel development and general 


General Electric engineers and scientists in designing research programs. Experimental space will be avail 


and developing the new 30,000-kw General Electric able for other organizations within the industry. The 
Test Reactor (GETR design and development of this new reactor is another 


example of General Electric engineering leadership in 
A new concept in test and research reactors, the 


GETR permits a wide variety of simultaneous high 
flux experiments to m needs of a diversified 


the field of atomic energy. Atomic Power Equipment 
Department, General Electric Co., San Jose, California 


research program | ntages of high specifi 


power in a tank-type reactor and the large, easily 


accessible experimental sp | pool-type reactor Progress /s Our Most Important Prodvet 


are combined in the 


The first GETR will be installed at the General GEN ERAL @ ELECTRIC 


Electric Vallecitos Atomic L: f y. General Electric 
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Nuclear Statistics 


In a simpler age tl 


statistics”? would « thought 


Kinstein-Bose and Dirac 


but times change compl 
a new industry is born d start 


statistics of 


and 
producing 
it is that on p. 30 
inaugurate a regular 
to the statistics o 
nucleonic industs 

We have long vanted 
statistics, but there 
to be enough solid material a 


‘ 


in years past vow the 


clear didn’t 


mau tr 


come to the point vhere meaningful 


data can be compiled and we mean to 


compile them for you 


CARBON CYCLE transforms knowledge into 
gold. Miss Joyce Myron, contestant on The 
$64,000 Question 
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The $64 X 10° Question 


If youre in the nuclear business 
that 


‘that girl on 


someone has 
The 


’ during the past few 


chances are 
asked you about 
$64,000 Question 
weeks If you 


probably 


good 


have a wife she has 
than 


iloud why you couldn’t make equall 


more once wondered 


yood use of your supposedly ist 


knowledge of things nuclear. 
For those of 


to be insulated from this state of affairs 


you fortunate enough 


i word of explanation may be in order 


The $64,000 Question is a television 


program offering progressively larger 


rewards for correct answers to ques 


certain narrow categories ol 


$64,000 


tions in 
knowledge. As if 


enough, the rules now provide for going 


was not 
on to a second, third and fourth round 
to possible winnings of $256,000 Con 
testants are nonspecialists chosen from 
various walks of life and have gained 
national fame by their knowledge of 
recondite subjects 

Into this setting there stepped some 
weeks ago an 18-year-old science soph 
more at Philadelphia’s Drexel! Institute 
Jo f Myron who chose is 
gory ‘The Atom 


parlayed her 


her cate- 
As of this writing 
she has knowledge ol 
things nuclear to the $96,000 level and 
is still going 


measure of what it takes to earn such 


strong. To provide a 


sums, here is a paraphrased version of 
asked in that 
took place with 
the young lady in the control room of 


the questions round 


which, incidentally, 


General Electric’s new boiling water 
reactor at Vallecitos 

® One fuel element haus been irradiated 
in an atomic reactor for 100 hours, an- 
other for only one hour-which will emit 
the most radiation and why? 


* Ope rated on a 30-second pe riod how 
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much time will it take a reactor to go 
from 1,000 kw to 10,000 kw. 
® |)oes one insert or withdraw the 
trol rods to increase the power? 

In case this sounds trivial (and we 
think it does) know you that the 


lady has been responsible on other 


young 


occasions for providing the full set of 
reactions in the carbon cycle (see fig- 
ure) and has volunteered the maximum 
permissible concentration of strontium- 
rattling off more 
half-life 


PROOF: A 


Oo) in the eourse of 


usual data on its ind decay. 


{NOTE IN query on the 


neutron’s mass finally stumped her.] 


Atom Fair—We'll be There 
The 


gy puge 


16-page special insert that starts 
62 of this issue is intended 
next big trade 
field, 


ind the whole 


our guide to the 
nuclear Since this 
ear’s Atom Fai 
plex of meetings that we have dubbed 
Nuclear Week) is held 
New York City we feel a particular 
because New York is 
our own editorial offices are located. 
This has led to 


editor 


now in the 
come- 


here in 


be ng 


interest where 


participation of our 


in various arrangement com- 
mittee affairs and more than one of our 
fair secretaries will be helping out at 
the registration booths 

NUCLEONICS has a booth at the Atom 
Fair—No. 219 


will stop by and see our wares while 


and we hope that you 


touring the Coliseum 
As ne 
at the 


ver before we'll have our editors 
scene (travel money comes easy 


when only a subway ride is involved 
to report on the exhibits and the meet- 
ings and the people who attend them 
This may be a good occasion for you to 
pass on your ideas for that article you’ ve 
been wanting to write 


The Editors 


Coming Features in 
NUCLEONICS 


Next Month—Nuclear Mer- 


chant Ships 

lire Vulcanization by Radiation 
Later Months—Reactors for 
Industrial Heat 

Critical Facilities 


PWR Special Report 





HEAT ENGINEERING by FW 


is pioneering tomorrow’s 
LOW-COST ATOMIC POWER 





ONVERTING heat from nuclear energy into electric 
A power is heat engineering’s newest and most 
challenging opportunity. From the very beginning, 
Foster Wheeler engineers have been engaged in de- 
velopment of the nuclear energy program — inte- 
grating over 50 years experience in heat-transfer 
equipment with nuclear engineering. 
Working in close cooperation with the Atomic 
Energy Commission, large utilities and industrial 
companies, Foster Wheeler has pioneered in the de- 
sign and development of nuclear reactors and major 
components for atomic power plants. FW nuclear 
equipment completed or under construction includes 
solid fuel tank-type research reactors, steam gener- 
ators and pressurizers for America’s first full-scale 
atomic power plant, steam generators for the first 
nuclear powered submarine, reactor vessel and steam 
generators for shipboard reactor prototype, equip- 
ment for test loops for liquid-metal fuel reactor sys- 
tems, and separately fired superheaters for the first 
m5 iil ' = atomic power plant to operate with superheated 
Ne, ee: She 4k steam. 
AQUEOUS HOMOGENEOUS BURNER REACTOR With this background, a large staff of highly 
Designed for the low and intermediate power range, the Aqueous Homogeneous trained personnel, and the men modern fabricating 
Nuclear Power Plant offered by Foster Wheeler has these unique advantages: (1) facilities in three large plants, Foster Wheeler is well 
inherent controlability and self regulation without the use of control rods, (2) mini- fitted to serve in the economical application of 


mum mechanical devices and moving parts, (3) continuous fuel addition and fission 
product removal, and (4) substantial savings in fuel processing costs nuclear energy. 





PRESSURIZER. This 300 cu ft pressurizer, designed 
and built by Foster Wheeler for America’s first full-scale 
atomic power plant, will be used for initial raising of the 
coolant system pressure as well as to control pressure 
during operation. Designed for 2500 psig pressure at 675 F, 
it is 18 ft high and contains 342 electric immersion heaters 


STEAM GENERATORS. The heat-exchange steam 
generator during final assembly at a Foster Wheeler Plant, 
is one of two identical units instalied at America’s first 
commercial atomic power plant. Each unit will convert heat 
from the pressurized water reactor to 600 psia steam for 
Griving the turbo generator 


SEPARATELY FIRED SUPERHEATERS. Two oil-fired superheaters by Foster Wheeler will superheat satu 
rated steam from a pressurized water reactor from 447F to 1000F, at a large Eastern atomic power plant 
Each unit has a Capacity of 1,075,000 Ib/hr at 410 psia. Addition of the superheat cycle raised plant capacity 
from 163,000 kw to 275,000 kw, reducing plant cost by about $95 per kw 


FOSTER ] WHEELER 


NEW YORK . LONDON . PARIS ¢ ST. CATHARINES. ONT. 
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Not quite enough to fly... 


More instruments than these will be needed 
to safely operate the nuclear powered planes 
of tomorrow . .. planes that will be operat- 
ing in a completely new environment... a 
field of radiation. 

Equipment to test and determine the effect 
of gamma rays on rubber, plastics, metals, 
electronic components and any other mate- 
rials used in the manufacture of aircraft are 
now available. And we have them! 

Nuclear Systems can provide a complete 
radiation package—equipment, instrumen- 


tation, training, facility design and sources 
of cobalt 60 up to 50,000 curies. 


COBALT 60 PRICES 
REDUCED UP TO 70% 


Nuclear Systems has reduced the 
prices of cobalt 60 up to 70%. 
Write for complete price list. 


a PeUMsids 
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On 
Television, 
Friday 
Night, 
October 25 





Featured in the program on cosmic-ray research is this classic scientific photograph 


tracks taken by Dr. Carl D. Anderson in 1932, Photograph courtesy of The Ph 


of positron 


ical Review 


“The Strange Case of the 


COSMIC RAYS" 





“The Strange Case of the Cosmic Rays” including Dr. Carl D. Anderson, Dr. Bruno 
is the third program in the Bell ‘Telephone — Rossi and Dr. Marcel Schein. The program 
System’s new 'T'V Science Series. was produced and directed by Academy- 

The two earlier programs —“Our Mr. Sun” Award-winning director Frank Capra 


and “Hemo the Magnificent” —were widely Evervone associated with the sciences will 


acclaimed by educators, scientists and the {nd “The Strange Case of the Cosmic Rays” 


general public of unusual interest. Don’t miss it—and re 


Scientific accuracy is assured by a Scientific mind your colleagues to see it on Friday 


\dvisory Board and distinguished advisors, October 25. 


In color and black and white on the NBC-TV network, Friday, October 
25, 9-10 P.M., E.D.T. Please check your local listing for time and station 


Sponsored by BELL TELEPHONE SYSTEM 





by The Carborundum Metals Company 


Ready in volume... 





for BOTH 
Nuclear and 
Chemical 
Application 


Ask to be placed on the mailing list of “More ZR Facts,” 


@lngor mele control panel 


scientifically regulates atmosphere 


and me lung conditions through 
first and second melts 


@ Operator mechanically 
conditions zirconium ingot to 
remove surface irregularities 
from cast ingot wall 


Metallurgically sound zirconium ingots 
are being produced now in quantity by 
CARBORUNDUM Metals in its worlds first 
fully integrated zirconium plants—to meet 
your most exacting specification require- 
ments. Certified zirconium ingots, melted 
under positively controlled vacuum ofr 
inert atmospheres by the manufacturer 
gives you one source of supply for ready-to- 
fabricate metal...completely eliminates 
risk of converting from sponge at your 


@ Brinnel hardness test taken at 
as many as ten intervals 


mechanical properties anc 


responsibility... provides certified ingots 


at a fixed price. 


CARBORUNDUM Metals’ long experience 
as a leading supplier of zirconium to the 
U.S.A.E.¢ 


record assures you of top quality metal in 


plus an unrivaled production 
quantity trom the two most modern 
sponge producing plants in the industry 

at Akron, N. Y., and at Parkersburg, 
West Virginia 


the zirconium industry's first continuing source of technical information. 


@ Testing ingot soundness 


irregularities 
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with Ultrasonic Reflectoscope to 
along ingot to assure uniform — for internal porosity 














SECOND MELTt certified ingot ready for 
fabrication. Ingots are produced from 500 to 
each in 12” to 16" diameters. 
n sand to zirconium ingot by one 
irer quality controlled 
with Proven Methods, Proven 
1 Proven Performance 


FIRST MELT ingot being 
withdrawn from the positively 
controlled vacuum or 
inert-atmosphere furnace at 


CARBORUNDUM Metals e 


ZIRCONIUM INGOTS, Zircaloy ingots 
nge metal for open market use, are 

ible for shipment now to any loca- 

the free world in both reactor 
ymmercial grades, CARBORUNDUM 

close relationship with leading 
fabricators who are geared to 

provides you with immediate, 

sources for on specification 
seamless zirconium tubes, zir 
conium sheet, strip, bar, rod, wire and foil 


WRITE TODAY...for latest price lists 
chnical data and delivery on all zircon- 
»ducts. CARBORUNDUM Metals 
qualified staff of metallurgical engi 
irconium specialists, are available 

tance and recommendations 


ut obligation. 


Visit us at The Trade Fair of the Atomic industry, The Coliseum, New York, Oct. 28-31. Booths 222-223 


The CARBORUNDUM METALS Company 
Akron, New York, U.S.A. Production Pioneer of ZIRCONIUM 


Division of THE CARBORUNDUM COMPANY 
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Where Do 


Great Ideas Come From? 


From its beginnings this nation has been 
guided by great ideas, 

The men who hammered out the Constitution 
and the Bill of Rights were thinkers—men of 
vision —the best educated men of their day. 
And every major advance in our civilization 
since that time has come from minds equipped 
by education to create great ideas and put 
them into action. 

So, at the very core of our progress is the 
college classroom. It is there that the imagina- 
tion of young men and women gains the in- 
tellectual discipline that turns it to useful 
thinking. It is there that the great ideas of 
the future will be born. 

That is why the present tasks of our colleges 
and universities are of vital concern to every 


American. These institutions are doing their 
utmost to raise their teaching standards, to 
meet the steadily rising pressure for enroll- 
ment, and provide the healthy educational 
climate in which great ideas may flourish. 
They need the help of all who love freedom, all 
who hope for continued progress in science, 
in statesmanship, in the better things of life. 
And they need it now! 





If you want to know what the college crisis 
means to you, write for a free 
booklet to: HIGHER EDUCA- 
TION, Box 36, Times Square 
Station, New York 36, N.Y. 


wIGHEeR BOUCATION 


Keer (vy GrionT 











Sponsored as a public service, in cooperation with the Council for Financial Aid to Education 
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STEP INTO A WORLD OF NEW METALS 








| AT BOOTH 216 


Atomic industrial Fair 
Coliseum, New York City 
Oct. 28, 29, 30, 31, 1957 


You are cordfally invited to spend a few rewarding moments at the Wah Chang Corpora 


tion exhibit see a complete display of advanced metals for the Nuclear Industry 
discuss your technical problems with an experienced staff receive informative litera 


Wags .. ture covering all WCC products and services bring your friends, too! 


pete ll VAN Mel PV (cMete)-1-1e)-) wale), 


BRINGING TOMORROW CLOSER WITH NEW METALS 








BRINGING TOMORROW CLOSER WITH NEW METALS... 














WCC TANTALUM 

High Purity Oxides and Pow- 
ders — Soon in Wire, Rod, In- 
got, Strip, and Foil, Too! 





4 
WCC ZIRCONIUM hy 
Reactor Grade Sponge, Com- 
mercial Grade Sponge and 
Zircaloy 


oy 


Behind these Quality Metals... 
41 years of Experience 


Wah Chang Corporation offers the metals 
buyer broad experience, modern facilities, 
competitive prices and valuable technical as- 
sistance... everything you need from one 

dependable source. 

Investigate the cost economies and the 
service advantages you can gain when 
you specify WCC Metals... write 
today for information! Please 
mention your application. 





WCC HAFNIUM 
High Purity Oxides, Sponge 
and Metal 


WCC MOLYBDENUM 


High Purity Powders, Tablets 
and Electrodes 


WCC TUNGSTEN WCC COLUMBIUM 

High Purity Chemicals, Ores, High Purity Oxides, Powders, 
Oxides, Powders, Tablets; Wire, Ingots and Electrodes—Soon in 
Rod and Electrodes. Custom Wire, Rod, Strip and Foil, Too! 
produced Products For All 

Needs 


SEE THESE METALS AT BOOTH 216 ATOMIC INDUSTRIAL FAIR-N.Y.C. 
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CLEVELAND c _ HARD FACING, INC. 


* res 


Reliable, Wear, Corrosion 
And Heat Resistant 
Welded HARD-FACED 
Components Produced 

to Specification 


The superior physical properties of 
Cleveland Hard Facing Components assure 
dependable long life service . . . reduce 
equipment downtime and lower mainte- 
mance costs. 


Take advantage of these outstanding 
characteristics. 


® Corrosion Resistance — Resists most cor- 
rosive acids and oxides. 


® High Strength — Offers high compres- 
sive strength up to 256,000 psi. Good flat 
impact and high hot strength. 


@ Wear Resistance — inherent resistance to 
wear —such as erosion, abrasives and 
cavitation-erosion. 


™ Economical— Applied only to points re- 
quiring maximum protection, Hard Facing 
gives low cost protection that increases 
component life. 


Typical Hard Faced parts include rods, valves, 
rotary blades, gears, splines, shafts, pump 
shafts, pins, rings, seals and many others. 


SE TET 


How It Is Done 


As the cross-section drawing shows, a 1/16” of the 
original base metal is removed at all points requiring 





tes ad <i 


special wear, heat or corrosion resistant properties. 





The metal is then replaced with the selected alloy 
— usually a high cobalt-chrome-tungsten type — 
using one of the following processes — Submerged 
Arc, Heliarc, Manual or Automatic Gas Welding. 


att Oa 
: » ‘ ‘ 


WRITE FOR COMPLETE DETAILS 


Cleveland Hard Facing, Inc. 
3047 STILLSON AVE. * CLEVELAND 5, OHIO 
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UNITED STATES PIPE & FOUNDRY CO. 


BURLINGTON, NEW JERSEY 





SALES OFFICES: LOS ANGELE AN FRANCISCO, CHICAGO, ST. LOUIS, COLUMBUS, PITTSBURGH, HARTFORD, BURLINGTON 








THE ANSWER TO YOUR PIPING PROBLEM 


Patented U.S. Pipe process 
meets rigid refinery specifications 





The men who design today’s petrochemical plants, 
refineries or Atomic power plants are confronted 
with piping problems involving temperatures, 
pressures and corrosive conditions which only a 
few years ago would have been called impractical, 
if not impossible. 

U. S. Pipe’s Steel & Tubes Division recently com- 
pleted a piping requirement for 700 feet of Type 
316 Extra Low Carbon, columbium-bearing stain- 
less for a large petrochemical plant, which is 
typical of the job metal mold centrifugally cast 
pipe is doing today under a patented manufactur- 
ing process with rigid Quality Control. 

U.S. Pipe is headquarters for metal mold centri- 
fugally cast alloy and stainless steel pressure pipe 
over a wide range of special and standard analyses 


—in large or small quantities. 


Write and outline your refining problems. We may 
be able to help. 


INSPECTION REQUIREMENTS 
1. Etching test on sections cut from each end 


Note these exacting specifications on 

316 Cb ELC Stainless Steel Pipe demanded by one 
of nation’s leading oil companies: of pipe. 

2. Radiographic Inspection — Required complete 
MATERIAL REQUIREMENTS: Pipe shall conform to 
ASTM Specification A-362-52T. 

CHEMICAL ANALYSIS: Modified AISI Type 316 Cb 
(ELC), with one percent spread on chrome and 


nickel. 


circumferential coverage of at least an 8” wide 
section at each end of each pipe in accordance 
with ASTM Specification E71-52. 

3. Fluid Penetrant—Entire O.D. and LD. surface 
each piece, 

HEAT TREATMENT: Heat for 4 hours at 2100° F.— 

2150° F., water quench, follow by 5 hours at 1500° 


FINISH: Each pipe to be turned, bored and faced 
to surface finish of 125 micro inch or better. O.D. 


tolerance plus 1/16” minus 0”; L. D. tolerance plus 
0” minus 1/32". Pipe size: 12” O.D. x 1.17” wall. 
MECHANICAL TESTS: Tensile Tests — 2 tests re- 
quired on each pipe after heat treatment; one at 
room temperature, one at 700° F, 


SIZE RANGE AND 
COMPOSITION FLEXIBILITY 


F.—1600° F. Cool in still air. 


HYDROSTATIC TEST: Each length tested to stress 
of either 90% of the minimum cold yield strength 
or 4 maximum pressure of 6800 psi —whichever 


is lower. 


Outside Diameter—6” to 50” 

Wall Thickness—%”’ and up 

Length—Up to 16’ 

Types of Stainless—All Standard AIS! and ACI 


grades of ferritic and austenitic stainless, including 
No. 20 Alloy, 17-4 P H, 17-7 P H and E.L.C. grades. 





Se LAL LLL LLL LLL LLL EEL 


UUUUEUEQEOYSEOOOEODAYOR AAT AAE AMAL ENS UAE UGAUEREUEGO E440 0400014 LAER nMRULGEAGN OY eEEEAUNRSU Hau HERLOLRAOUARNHNE 


Ehcnnssnnnnnnnnnnenennennnenenenennnnnnnnnmmmmm 











= 
= 
= 
a 
= 
= 
3 
ie 


This CHEMPUMP principle 


can be custom-fitted to your 
nuciear pumping requirements 


The diagram above shows how Chempump 
works... why it can pump hard-to-handle 
fluids with zero leakage and practically no 
maintenance. Motor and pump are totally 
enclosed in a single hermetic unit. No 
mechanical seals to fail. No stufing boxes 
to pack or “nurse.” And external lubrica- 
tion is never required . . . bearings are con- 
stantly lubricated by the pumped fluid itself. 


This principle, embodied in the Chempump 
line of standard pumps, can also be applied 
to spec ial pumps c ustom-made to your 
specifications. You can specify practically 


any construction materials . . . special bear- 


ings... special voltage ... special perform- 
ance characteristics special flanges. 
Chempump can be built to operate at vir- 
tually any pressure, and at extremely high 
and low temperatures. It can be easily 
modified for submerged service. In short, 
you can have a Chempump built to serve 
dependably in any nuclear laboratory or 
plant application, however demanding. 


For complete details, call or write Chem- 
pump Corporation, 1300 East Mermaid 
Lane, Philadelphia 18, Pa. Engineering 
representatives in over 30 principal cities 
in the United States and Canada. 


... first in the fleld ... process proved 
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UREA RAN 


Burroughs is first with the full 
power of a giant electronic 
computing system at half 

the cost... 


First too, a medium-priced 
system with a full magnetic core 
memory, increasing productivity 
10 to 15 times over previous 
systems. Designed for both 
scientific computation and 
business data processing. 
Delivery of the Datatron 220 
will begin during the 2nd 
quarter of 1958. For a summary 
of its benefits, write to Dept. M 


Pasadena, California: 


ElectroData Division 


BURROUGHS CORPORATION 


GRAPH «ECM ANCE Rome SvEtEns 


extending the usefulness of man's mind 





YIELD STRESSES 


Cast Stainless Steel 
SA351-CF8 


Forged Stainless Steel 
SA182-F8-304 


Cooper Alloy Cast Stainless Steel 
ASTM351-CF8 


(1) Figures represent minimum yield strengths required by 
Section VIII, and have been calculated as follows 


Pressure Vessel Code 
YS allowable stress 


62.9°% 


18,400 psi @ 650°F.“ 


17,900 psi @ 650°F. 


22-27,000 psi @ 650°F. 


ASME Unfired 


(2) Figures taken from tests of actual heats of material manufactured by Cooper 


Alloy for the AEC’s SPERT III program at Idaho Falls, Idaho (see Nucleonies, 


Aug. °57). 


YIELD STRENGTHS of 22 to 


27,000 psi at 650°F. now obtained in 3O4ELC 
stainless valve and fitting castings 


Cooper Alloy now designing 
superior physicals into its nu- 
clear service 
valves and fittings. 


stainless steel 


By producing 304ELC stainless 
steel valve and fitting castings 
that show remarkable physical 
strength atelevated temperatures, 
the Nuclear Division of Cooper 
Alloy Corporation has achieved 
what many describe as “the im- 
possible.”” Cooper Alloy has been 
able to produce 304ELC stainless 
cast valves and fittings with yield 
strengths of 22-27,000 psi at 
650°F. to meet the exacting de- 
mands of the nuclear industry. 


The above chart compares these 
ratings with ASME code figures 
on yield strengths of cast and 
forged 304 stainless. 

These outstanding properties 
have been achieved by utilizing 
skills developed through Cooper 
Alloy’s 35 years experience in 
casting stainless steel exclusively. 
Here's how... 

Use of proper progressive direc- 
tional solidification, achieved by 
proper mold design, plus foundry 
know-how in metal feeding, en- 
sures a sound solid casting. 

An exact balance of chemical 
composition develops the maxi- 
mum strength characteristics in- 


herent in the complex structure of 
stainless steel alloys. 

Incorporating foundry consider- 
ations into valve and fitting 
designs achieves the above supe- 
rior results. 

In addition to the normal qual- 
ity control requirements such as 
100% 


dye-penetrant surface testing, all 


X-ray examination and 


components furnished for SPERT 
Ill were subjected to 6,000 psi 


hydrostatic pressure test. 


For more information, write 
to Nuclear Division, Cooper 
Alloy Corporation, Hillside, 
New Jersey. 


You are cordially invited to see COOPER ALLOY 
NUCLEAR-QUALITY CAST STAINLESS VALVES 
AND FITTINGS at Booth 226, ATOMFAIR, Oct. 28- 
31 at the Coliseum, New York City. 


P.S. Our plant will be open for your inspection dur- 
ing the Fair. Check at our booth for tour times. 
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aCf INDUSTRIES, Incorporated, 
now offers complete electrical power generating systems using 
boiling or pressurized water reactors. Complete “turn-key 
service is Offered, including design, fabrication, construction 
Start-up and operator training. 
Using low enrichment fuel, the boiling water reactor holds 
promise of economically competitive power in many regions 
of the world. Depending on the required output of the system 
either forced or natural circulation may be used in the primary 
cycle 
Nuclear Products—Erco Division of QC f is staffed and 
equipped to design and build complete reactor facilities not 
only for power but for research, materials testing and othe: 
purposes. We cordially invite inquiries relating to design and 
manufacture of reactors, components, and associated 
equipment 
Engineers and scientists interested in joining this well-staffed 
ll-supported group are invited to inquire about the 
available opportunities. 


QC 
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QCf REACTORS CURRENTLY 
UNDER DESIGN and CONSTRUCTION 


1,000—5,000 kw heavy water research reactor for the 
Massachusetts Institute of Technology 

5,000 kw heavy water research reactor for the Italian 
National Committee on Nuclear Research 

20,000 kw light water materials testing and research 
reactor for Reactor Centrum Nederland 

30,000 kw light water materials testing and research 
reactor for Aktiebolaget Atomenergi of Sweden 
10,000 kw light water materials testing reactor for the 
Nuclear Engineering Test Facility, Wright-Patterson 
Air Force Base, Ohio 

A preliminary design of a 10,000-20,000 kw light 
water materials testing reactor for the Case Institute 
of Technology 


nuclear products-erco 


Division of QCF Industries Incorporated, 508 Kennedy Street, N.W., Washington, D.C. 
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Heavy water — the finest moderator — lends 


its superior properties to a new, low power 


TRAINING AND RESEARCH REACTOR 


of outstanding efficiency, versatility and safety. 


For educational institutions, 
research laboratories, 


medical centers. 


For further information write: 


NDA — Nucuear DEVELOPMENT CORPORATION OF AMERICA 
5 NEW STREET, WHITE PLAINS, N.Y. « TEL. WH 8-5800 
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ORUR RDRER « 


of Key Developments in Atomic Energy 


Elk River in Doubt, Wolverine Out as Reactor Prices Rise 


“Confusion now hath made his masterpiece,” cries Macduff in Mac- 
beth, and many in the nuclear power industry must have echoed the cry, 
not unjustifiably, last month. Just when things seemed to be calming 
down after the furore of Congress’ last month (NU, Aug. ‘57, 17; Sept., 


21), bedlam broke out again. AMF 
Atomics and Foster Wheeler said 
their estimated costs for building 
the Elk River and Wolverine nu- 
clear power plants had risen con- 
siderably. is should have come 
as no surprise, especially to Con- 
gress’ Joint Committee on Atomic 
Energy: as far back as February 
seven reactor builders had reported 
on the creeping cost problem (NU, 
March °57, Rl, R5). But—because 
the news broke unexpectedly hours 
before a JCAE hearing on expedit- 


had the effect of a bombshell burst- 
ing in the lap of the industry. At 
month’s end, it was unclear whether 
Elk River would remain on the 
roster of reactor plants to be built; 
Wolverine was definitely out. 


Chronology 

On Sept. 17 JCAE’s Subcommit- 
tee on Legislation met to consider 
granting waivers of a new provision 
of law that requires AEC-industry 
contracts for jointly-financed nu- 


Kenneth E. Fields startled the sub- 
committee by withdrawing the 
waiver request for Elk River “in 
view of some developments that 
occurred just this morning.” It 
developed that AMF Atomics, 
prime design, development, fabrica- 
tion and construction contractor for 
Elk River, had by telephone “in- 
formed us that the company was 
not prepared to suseeel on the 
basis of the ceiling price previously 
agreed to” in view of cost ex- 
perience to date. A June oR 
cited by Fields had quoted $5,686,- 
000 as ceiling cost of the reactor 
and superheater ($8,136,000 total 
plant cost); this is an increase over 
the original reactor cost of $3,700,- 


cause Elk River had been among 
those announcin 


increase; and because AEC seemed 
to be at a loss what tack to take in ects. 
the face of the situation—the news 


ing Elk River, among others; be- 


waivers 
Nebraska 


higher prices in were 


February and this was a further 


clear facilities to lie before Congress 
for 45 days before signing; the 
to expedite the 
Consumers, 
States, and Elk River, Minn., proj- 
Abruptly at the start of the to AEC, 
hearing, AEC General 


000 ($6,390,000 for total plant). 
Now, AEC told the ad 


Northern the contract ceiling price by $3- 


million. This came as a surprise 


Manager 








Silver Lining Dep’t.: 4 reactors critical, Nebraska signs 


If the industry was worried about the Elk River 
and Wolverine turn of events, it had reason to 
take satisfaction from these other encouraging de- 
velopments: 

OMRE—The Organic Moderated Reactor Ex- 
periment, known familiarly to Atomics Interna- 
tional—which developed it for AEC—as “Oh 
Marie,” went critical on Sept. 17, only about six 
weeks off target date at AEC’s Idaho test station. 
Criticality came on the 20th of 35 fuel elements, 
close to predictions. Although it dumps its 16 
Mw heat to air, OMRE is a power experiment 
serving as prototype for power reactors at Piqua, 
O., and in Mexico, as well as for a class of mer- 
chant-ship propulsion plants. It uses fully-en- 
riched uranium dioxide fuel in stainless steel 
plates; each fuel element contains 825 gm U*". 
Moderator and coolant is Monsanto’s Santowax 
OM, a mixture of ortho- and meta-terphenyl. 
OMRE was operated at power levels of ~1 kw 
several times, longest for 1 hr; it will be taken to 
full power in December. 

ETR—The U. S.’ biggest, most advanced testing 
facility, the Engineering Test Reactor, went criti- 
cal two days later, Sept. 19. Companion facility 
and neighbor of the MTR—Materials Testing Re- 
actor, the $14-million ETR has the highest 


known flux, 1.9 x 10" n/em*/sec, and the largest 
test holes, up to 9 X 9 & 36 in., of any test re- 
actor operating. Construction, completed Aug. 
31, took 23 months. The enriched-U-fueled, 
water-moderated and -cooled unit has a rating of 
175 Mw (NU, March '57, 41). 

Michigan—The same day, the Univ. of Mich- 
igan’s Ford Reactor, a 1-Mw pool, went critical 
on 18 fuel elements. When it reaches full power 
it will be by far the most powerful college re- 
search reactor. It was dedicated last November 
(NU, Dec. 56, R7); problems of leaktightness in 
the 41,000-gal pool delayed issuance of its AEC 
license. Babcock & Wilcox built the core. 

Brazil—South America’s first reactor, another 
B&W pool, went critical Sept. 16 on 25 elements 
at the University of Sio Paulo, fifth U. S.-built re- 
search reactor exported to do so (following 
Switzerland, Holland, Japan and Denmark: NU, 
July ’57, 27; Sept., 24, 30, 31). Completed in 13 
months, it is the most powerful swimming pool 
yet built with a design power level of 5 Mw. 

Nebraska—After more than two years of nego- 
tiations, AEC and the Consumers Public Power 
District of Nebraska agreed on contract terms 
covering construction and operation of the 75-Mw 
power reactor at Hallam, Neb, (details p. 27). 
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yom mit - 
tee, AMF said it would have to raise 


Fields told the group. 
The subcommittee was also told 





R O U Fees 


that “the Elk River people did not 
know about it this morning until we 
called them”—which subcommittee 
chairman Chet Holifield called “an 
amazing statement.” 

Next, AEC testified that “the 
Foster Wheeler Co. found they 
could not proceed on the basis of 
the costs that they had estimated 
for the construction of the [Wol- 
verine Electric Coop] reactor, so 
they withdrew their offer.” The 
increase sought is from $5,472,000 
to $14,426,000. 

“In your opinion, is this going to 
be a forerunner now of all the rest 
of these cooperative arrangements?” 
Holifield se Fields. “Do you 
think this is the beginning of a pull 
out on the part of the manufac 
turers from going ahead on their 
contracts?” 

“I hope it is not,” Fields replied, 
indicating that the Piqua and 
Chugach projects are going forward. 
Of Elk River, the Gensel Manager 


said, “This does not mean that we 
are abandoning this project; it only 
means that the Commission needs 
an cy poe to consider what 
steps it will ta 


e next.” 


AMF's Story 

No AMF representative presented 
its side at the subcommittee hearing, 
but the next day Morehead Patter- 
son, chairman of American Machine 
& Foundry Co., sent Holifield a six- 
page letter setting out the firm's 
views. It said AMF’s action should 
not be interpreted as a withdrawal 
of the —. but that the firm 
was seeking an immediate review of 
its cost estimates with AEC and 
a that “the proposed new philos 
ophy reflected in our revised pro 
_— can be accepted by AEC as 

asis for a _ definitive contract 
AMF’s request is for an increase in 
its cost estimate “from $8,930,000 
to $11,750,000 for research and 
development, design, construction, 
fuel element manufacture, test oper- 
ation and operator training. We 
propose to pay up to $1-million of 
this amount.” The firm seeks no 
change in the provision of the orig 
inal pro sal for a cost type con 
tract without fee. 

Patterson apologized for the 
abruptness of the change in AMF’s 
position, which was made over one 
weekend, Sept. 14-16. “We felt 
compelled to make this sudden 
change on the basis of three major 
factors. Perhaps none would have 
been compelling alone, but taken 
together they constitute adequate 
justification for the submission of 


new cost figures... . 

“1. The risk of losses to the 
Company threatens to exceed sub- 
stantially the $i-million contribution 
which we propose to make to this 
project, and in fact have already 
invested. 

“2. The cumulative cost experi- 
ence with other power reactors al- 


-ready built and operating, or near- 


in completion, is the most depend- 
able cost data available to us and 
we cannot in conscience ‘and re- 
sponsibility yrs it. 

“3. We etermined that the 
policy objectives of the national 
atomic energy program, as defined 
in the Atomic Energy Act of 1954 
and as expressed by the Commission 
for the establishment of an atomic 
ower industry on a sound economic 
ae could be best served by a 
forthright acknowledgment of the 
economic facts which confront us 
and a determined effort to conduct 
all developmental operations on the 
most realistic cost basis possible. 

“ , . » Our interest in this proj- 
ect remains as great as it was at 
the time our initial proposal was 
made. We believe it is important 
that the system designed for Elk 
River be carried through to full- 
scale test. This will be the first 
thorium-fueled boiling-water power 
reactor and is of unique cocteadleatienl 
interest. We believe that this re- 
actor concept should be pursued 
without regard as to who may be 
selected as the contractor.” 


Cost Ceilings Scored 

Patterson lashed out against the 
principle of cost ceilings for de- 
velopmental projects, which he said 
AMF had consistently opposed, be- 
lieving that the manufacturer's con- 
tribution “should be straightforward, 
as in the case of cur $1-million 
offer, and that the true nature of 
forward cost estimates for research 
and development work be recog 
nized as not properly applicable 


Another Blow: Grace & Co. 
Disenchanted with Thorium 
W. R. Grace & Co. is secking to get out 


for fixed limitation. But when- 
ever the so-called ceiling limitation 
is imposed, it should be determined 
from the most recent cost experi- 
ence available.” Actual power re- 
actor cost experience to date, Pat- 
terson wrote, shows ranges of $750- 
$1000/kw installed capacity in re- 
actors larger than Elk River, and 
$1500-$2000/kw for smaller re- 
actors. Under the June estimate 
for Elk River, just withdrawn, the 
cost per kw (excluding superheater) 
works out to $562. This seems to 
have been the fact that triggered 
AMF’s hurried review of its posi- 
tion on the eve of the presentation 
to Congress of contract terms based 
on the June estimate. 

The AMF chairman came to the 
decision that cost figures based on 
engineering estimates “make no 
sense” because no engineering esti- 
mate has ever been fulfilled, he told 
NUCLEONICS. “I don’t know what 
the [true Elk River] price is be- 
cause no engineering estimate any- 
one has ever made has ever been 
adequate when it came to actually 
building the reactor,” he said. So 
he said he started from the opposite 
end, took the lowest figure he could 
“guesstimate,” $750/kw installed, 
and based his new ceiling estimate 
on that. 

“I am sure no reactor was ever 
built for less than that,” he ex- 
plained, “and if AEC could show me 
that this one could be built for 
$700/kw, then I would agree to 
that. The extra money in our new 
ceiling is insurance against the un- 
known factors in research and de- 
velopment which have always run 
very much higher than anticipated 
in all these reactors. If you have 
to make a new fuel element, or 
develop a new zirconium technique, 
you're out of luck. If you have to 
build three or four cores, it’s just 
too bad. And you don’t know what 
the Reactor Safeguards Committee 
will do to you—they may ask extra 
shielding that doubles your cost. 
So I could well justify $1000/kw on 
the basis of what has gone before 

because that is what has gone 
before. 

“Remember, the $11-million is 
not a price but a ceiling to see 
where our unlimited liability ends,” 
Patterson emphasizes. “These un- 
limited-liability situations are not 
fair to industry. 

“We want to be the first com- 
pany to complete a reactor for less 
than the contract ceiling.” 

AMF feels that it is in a good po- 


sition to quote good prices on reac- 
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tors because it has Walter Zinn 
working for it. The manufacturing 
firm is paying Zinn’s General Nu- 
clear Engineering Corp. $250,000/yr 
to do direct engineering work for it 
on its nuclear projects. 


What next ? 

AEC for its part had not yet 
formulated so much as a reaction to 
the new development, and appeared 
to be momentarily quite at a loss. 
“We're trying to figure out what to 
do next,” said one high official. It 
was evident, however, that many at 
AEC were angry and felt let down 
by AMF; one of them remarked 
that AMF “is out of the nuclear 
power business if it welches on this 
job.” Talks between AEC and AMF 
were being scheduled as this issue 
went to press. 


Wolverine Dead or Dying 

On Oct. 3, just as this issue went 
to press, AEC announced it had 
“cancelled plans to negotiate a con- 
tract with Foster Wheeler” for the 
Wolverine reactor. AEC “is con- 
sidering inviting bids from industry 
at some future time for such a proj- 
ect and will seek the continued par- 
aap oP of the Wolverine group if 
a decision is made to proceed with 
the project.” To this end a detailed 
cost analysis of the Wolverine reac- 
tor is being undertaken at Oak 
Ridge, and it—together with tech- 
nological and cost data from HRE-2 

will determine whether or not 
AEC tries again. 


Compulsory Insurance Plan 
Imposed on AEC Licensees 


AEC last month gave reactor 
licensees 46 days to obtain financial 
protection. A temporary regulation 
under the new indemnity law (NU, 
Sept. 57, 21) specifies the amount 
of protection licensees must main- 
tain; it will be supplanted by a 
more comprehensive regulation now 
being worked out. The interim 
rule, announced Sept. 10 and effec- 
tive Sept. 26, says licensees must 
have, by Oct. 26, $150,000 cover- 
age per thermal Mw reactor capa- 
city (a formula based on the new 
law’s provision that power reactors 
of 100 Mw(e) or over have the maxi- 
mum private coverage available, 
i.e., $60-million); a $250,000 mini- 
mum is also imposed. The final 
regulation will set new amounts that 
take account of reactor size, type 
and location, private insurance 
terms, nature of activity, etc. 
Agreements covering the Federal 
indemnity provided by the new law 
will also be worked out by AEC as 
soon as possible with license holders. 
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Indian Point switches to stainless 


Con Edison and Babcock & Wilcox have switched from zir- 
conium to stainless steel for the cladding of the fuel pins for the 
Indian Point reactor (NU, April 57, 20). This cuts cost by re- 
ducing the amount of Zr needed, and reduces hazard of a Zr-water 
reaction, to the extent of permitting a smaller containment sphere. 
The outer can of each fuel element will still be Zr, to conserve 
neutron economy in the thicker plate. Latest power cost estimate 
is 13.4 mills/kwh, up from the original 8.8 estimate. 


Epithermal breeder eyed by southwestern group 


Still another new entrant in the derby of reactor types appeared 
last month. NucLEontcs learns that the southwestern utility group 
(NU, Jan. ’57, R1; July, 28) is negotiating a contract with Atomics 
International covering a four-year, $5-million research program on 
an epithermal thorium breeder. The Southwest Atomic Energy 
Associates propose at this time only laboratory research and de- 
velopment work culminating in a critical experiment, to determine 
economic and technical feasibility 6f the type; member utilities 
may then consider building a reactor. Using epithermal neutrons 
(in the 0.1-100-ev range), it might use beryllium or graphite as 
moderator, and would be liquid-sodium-cooled—it is, in fact, an 
advance and improvement in Al's sodium reactor series, The 
sodium cooling, premitting high-temperature operation, promises 
attractive steam conditions. 


Stellarator contract to RCA and Allis-Chalmers . . . 


Allis-Chalmers and the Radio Corporation of America. jointly 
have been selected to design and fabricate the Model C Stellarator, 
the next stage in the quest for controlled thermonuclear power by 
Princeton University’s Project Matterhorn. Model C will not be 
a power plant nor even a prototype, but it will make possible ex- 
perimental work that cannot be carried out with smaller units. 

The complex of buildings to support the Model C, Stellarator 
(NU, May ’57, 108) are being designed and engineered by Walter 
Kidde Constructors. The project is a big one— in its initial stage it 
will occupy 30 acres in Plainsboro Township, 5 mi. E of Princeton, 
Kidde’s contract includes preparation of a master plan to guide 
future Stellarator expansion. 


. and British reveal new advances 


The British have been making fusion progress too: Last month 
they announced an important forward step with their toroidal 
pinch-effect apparatus, Zeta. Apparently, it has achieved tempera- 
tures of about 5 million degrees and maintained them for periods 
of milliseconds. The associated neutron production shows evi- 
dence of being truly thermonuclear rather than arising from ac- 
celeration mechanisms as in early British and U. S. experiments 
(NU, Sept. 57, 88). External magnetic fields were probably 
the key to the extra measure of stability achieved. 

Britain and the U. S, have been sharing thermonuclear informa- 
tion for some months now, so it’s reasonable to assume the Ameri- 
can pinch-effect program is at a similar stage—one that makes 
controlled thermonuclear power seem closer to realization since 
temperatures of the order of 50 million degrees, a mere order of 
magnitude higher, are required for power-producing operation. 
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GAS-COOLED STEEPLECHASE STARTS: 
1. U.S. Firms Choose Partners for First Dance 


A rousing response came from the 
nucleonics industry last month in 
answer to AEC’s call for interest in 
designing the U. S. Calder-type gas 
cooled power reactor. The AEC 
invitation (NU, Sept. ‘57, 23) was 
addressed to architect-engineering 
firms in general, and in particular to 
21 of them known to be interested 
in nuclear work: but 31 replied ex- 
pressing interest (see table}. 

During the brief period between 
the Aug. 29 date of the AEC invita- 
tion and the Sept. 23 due date for 
replies, feverish activity attended 
the process of selecting partners 
(AEC had asked hassetiol archi 
tect-engineers to team up with a 
manufacturer). Some companies 
are known to have written broadside 
letters soliciting such a partnership. 

The next move is now up to AEC, 
which must select one of the 31 
teams to do a design study in time 
for presentation to Congress’ Joint 
Committee on Atomic Energy by 


April 1. AEC has also announced 
that it plans to “initiate a construc- 
tion project” (this means prepara- 
tion, not breaking ground or starting 
to make hardware) by July 1. 


Another Rhubarb 

Regarding this last date, AEC 
again ran afoul of JCAE displeas- 
ure: AEC said it set the July 1 date 
so early in an effort to move quickly 
on the gas-cooled program, in line 
with earlier JCAE criticism. How- 
ever when it reported this action to 
JCAE at the same meeting where 
the Elk River situation arose (see 
p. 19), Rep. Holifield expressed fear 
that the early date, “rather than 
being of value to the project, might 
impose such a rigid requirement 
that it would [preordain] the study 
almost to be a failure to begin with.” 
Holifield emphasized that JCAE’s 
intention in programing the reactor 
was that it embody an advance over 
the Calder Hall design, and warned, 





Bidders on U. S. Calder-type Gas-cooled Reactor 


Prime contractor 
Aerojet-General Nucleonics 
Anderson-Nichols & Co. 

*Bechtel Corp. 

Black & Veatch 

*Blaw-Knox Co. 

*Burns & Roe, Inc. 

*Catalytic Construction Co 

*Commonwealth Associates In 

*Day & Zimmerman In 

* basco Services Inc. 

*H. K. Ferguson Co. Ine 
Findley Engineering Co 

*Fluor Corp. 


J. Fruchtbaum Consulting Engineers 
*Gibbs & Hill Ine. 

Gilbert Associates Ine 

Frederio R. Harris In 
*Kaiser Engineers 
*The Lummus Co. 
*Charles T. Main Inc. 

Norman Engineering (o 

Omega Engineering Co 


Parsons, Brinckerhoff, Hal! & McDonald 


*Ralph M. Parsons Co 
Rust Engineering Co 


*Sanderson & Porter 
*Sargent & Lundy 
Stearns-Roger Manufacturing Co 
Tampa Bay Engineering Co 
*United Engineers & Constructors Inc 
*Vitro Engineering division, Vitro Corp 


*..Recipients of AEC invitation letter. All but three bid: Walter Kidde (mentioned three times 


Subcontractor 


none 
Martin 
General Electric 
none 
Westinghouse & Peter Loftus Co. 
General Nuclear Engineering Corp 
General Dynamics 
Martin 
Nuclear Development of America 
Westinghouse 
American Standard 
none 
Westinghouse 
or American Standard 
or NDA 
or Walter Kidde 
Westinghouse 
General Nuclear Engineering Corp 
Westinghouse 
Martin 
ACF Industries Inc. 
Combustion Engineering 
Walter Kidde 
American Standard 
Nulcear Development of America 
Martin 
Curtiss-Wright & G.N.E.C. 
Westinghouse 
or NDA 
or Walter Kidde 
or Martin 
or Babeock & Wilcox 
Alco Products, Inc. 
Internuclear Co. 
Babcock & Wilcox 
none 
Babcock & Wilcox 


American Standard 


as a subcontractor); Jackson & Moreland, and Stone & Webster (already engaged on Shippingport 
Yankee, Carolinas-Virginia, Florida Power Group, and the Pennsylvania Advanced Reactor). 





“The Committee does not desire 
hasty action or the imposition of 
impracticable and impossible re- 
quirements on the study of this 
matter, nor the initiation of the proj- 
ect under such rigorous terms that 
the Commission can come up and 
say, “Well, we have not found it 
practicable, and we rule against it 
because of the time limitation in- 
volved.” . . . The Committee is go- 
ing to watch this very closely, and 
we expect the Commission to act in 
good faith and to follow the legisla- 
tive history on this subject. We do 
not expect a duplicate of the obso- 
lete Calder Hall reactors.” 

Louis Roddis, deputy director of 
reactor development for AEC, told 
Holifield that both Walter Zinn’s 
group and the Oak Ridge National 
Laboratory had been asked to make 
evaluations by about March 1 of 
British and French gas-cooled ef- 
forts in the attempt to come up with 
an advanced, ah iyo sar 
design. AEC also favors a reactor 
that can be fueled with slightly-en- 
riched uranium, although JCAE 
called for a natural-uranium unit, at 
least at the start. 


Another Storm Cloud 


One further potential source of 
trouble has not yet come out in the 
open. JCAE, among Admiral Rick- 
over’s staunchest supporters, has 
recommended that the gas-cooled 
reactor project be assigned to AEC’s 
naval reactors branch under Rick- 
over; Holifield said this “would ap- 
pear essential.” Inside AEC, how- 
ever, there is believed to be strong 
opposition to further extension of 
Rickover’s activities outside the 
naval and into the civilian field. 


2. NAA Study Optimistic 
On Calder Prospects 


One of the technical studies on 
the Calder type reactor on which 
Congress based its recent decision 
that the U. S. should investigate gas- 
cooled power reactors is a two-part 
evaluation by Atomics International 
done under AEC contract.* The 
report examines the economic po- 
tential in the U. S. of a Calder de- 
sign reactor—one incorporating cer- 
tain engineering improvements con- 
sidered within ae of present ex- 
perience—and concludes that it 
would produce power at about 


* NAA-SR-1833 (Jan 5?) and NAA-SR- 
1955 (June °57). For another study __ by 
American Standard, see NU, June ‘57, 


October, 1957 - NUCLEONICS 





twice the cost of conventional 
power. Although this figure is not 
remarkably different from the re- 
sults of power-cost estimates for 
other reactor types, the promise of 
future design improvements makes 
the authors optimistic about the out- 
look for gas-cooled power reactors 
in the U. S 


First Impression 

In the first half of the study, 
done in three months, four engineers 
worked out a_ suitable reference 
design and then made power-cost 
estimates for it based on British 
cost figures. The reference design 
was a Calder-type plant “with im- 
provements” such that detailed de- 
sign and construction could start im- 
mediately. This in effect meant 
staying fairly close to the materials, 
design features, operating tempera- 
tures and other published design 
figures for Calder Hall. The one 
salient advance is the 350-psia 
operating pressure made possible by 
providing for pressure-vessel thick- 
ness of 4 instead of 2 in. 

Using this design, cost estimates 
were made for a two-reactor plant 
operating in the U. S. at a total 
power of 130 Mw. Plant construc- 


tion costs were obtained by multi- 
plying the British figures by 1.5 to 


account for differences in construc- 
tion costs between the two countries. 
The AI group arrived at a total in- 
vestment cost of $67-million and a 
power cost of 17 mills/kwh. 


Second Look 

About the time the first phase of 
the study was completed, in January 
the British announced design 
changes for their second generation 
of power reactors, Stage 1: Brad 
well, Berkeley, Hunterston and 
Hinkley Point (NU, Dec. ’56, S3; 
Jan. ’57, R5) leading to improved 
performance over Stage 0: Calder 
Hall and Chapel Cross. Since the 
engineering data and the reasoning 
supporting these changes were not 
available for inspection, it is difficult 
to be sure how well founded they 
are. However, one of the four 
authors, W. F. Banks, continued the 
study into a second phase and tried 
second-guessing the British designers 
to incorporate some of the new im- 
provements into the reference de- 
sign. He also optimized plant per- 
formance with respect to certain 
critical dimensions and carried out 
an independent estimate of the 
construction costs for the reference 
design. With these refinements he 
obtained a plant investment of $70- 
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million and a power cost between 
14 and 15 mills/kwh (assuming 60% 
average plant factor over 40-yr life 
and 3,000-Mwd/ton fuel burnup). 
Power cost breakdown is: capital 
cost, 9 mills; fuel cost, 4.5 mills; 
operating cost, 1 mill/kwh. 


Crystal-gazing 

In short, Banks found that the 
latest-model Calder reactor trans 
planted to the U. S. would produce 
power at a cost more than twice 
the competitive figure. Neverthe- 
less he feels optimistic about this 
reactor type. The justification for 
his optimism lies in assuming that 
longer burnup will eventually re- 
duce fuel costs and that capital 
costs can somehow be cut by a factor 
of about two. As possible solu- 
tions, Banks speaks of flux-flatten 
ing, higher temperatures, increased 
power density and use of slightly- 
enriched uranium. Offhand, these 
would not appear to add up to a 
factor of two in capital cost reduc- 
tion unless far-reaching technical 
advances are assumed. Predicting 
the future of the Calder concept in 
this country relative to other reactor 
types would seem to depend on the 
familiar game of guessing about 
technological accomplishments yet 
to be made. 


3. JCAE Tells its Aims 


In a Gas-Cooled Unit 

At its Sept. 17 meeting the JCAE 
subcommittee on legislation, hinting 
that it had studied the Atomics In- 
ternational study on Calder Hall, 
outlined what JCAE had in mind 
when it asked AEC to undertake 
design of a Calder-type gas-cooled 
power reactor. 

“We believe,” Hbolifield told 
Fields, Roddis, and the other AEC 
officials present, “that there can be 
an advanced concept, an improve- 
ment over Calder Hall; personally | 
do not support any appropriation 
to build a duplicate of the Calder 
Hall reactor. I consider that the 
new natural uranium gas-cooled re- 
actors in Britain are a great deal 
more advanced than the Calder de- 
sign, and I think it is therefore up 
to American scientists and up to 
AEC to look at this thing in that 
light. 

“The Committee specifically said 
‘it is believed that the reactor devel- 
oped should represent an advance 
on the Calder Hall technology, with, 
for example, higher temperature 
fuel elements. You are aware of 
the development of certain mate- 
rials in the ceramics field which do 


allow higher temperature elements 
and which are being used in the 
new reactors in Britain. You are 
also aware, no doubt, of a different 
type of enrichment rather than the 
U™ enrichment which is being ex- 
perimented with .. .” 


4. British Industry Silent 
On Gas-Cooled Data 


The attitude of Britain's civilian- 
power-reactor-building industrial 
groups shows a marked hardening 
in the direction of stricter commer 
cial exploitation of design and oper- 
ational know-how on Calder-type 
reactors, with increasing reluctance 
to air future plans, particularly on 
enrichment. 

This is evident as a result of a 
NUCLEONICS inquiry in Britain on 
gas-cooled progress as it relates to 
the Congressional directive that the 
U. S. design and perhaps build a 
Calder-type power prototype. 

Aes Sir Edwin Plowden, 
head of Britain’s Atomic Energy 
Authority, got “a hot reception” on 
his return from recent eamtion 
with U. S. atomic officials. It is be 
lieved in London that the industrial 
consortia made it plain that the 
advances made by their own re- 
search and design efforts are “for 
sale only and not to be given by 
anybody to anyone.” 

NuCLEONICS London correspond- 
ent was asked to put these ques- 
tions, and reported these replies: 

1, At what point will AEA and 
British industry feel it necessary to 
switch from natural uranium to 
slight enrichment? 

There is a distinct possibility that 
stations using 1-1.5% enrichment 
will be in operation by 1963-—only 
one year after Hinkley Point (see p. 
24). Apart from raising the fuel 
clement seein limit, enriched fuel, 
through selective positioning, will 
be used to improve flux distribution 
in the core. Two consortia indi- 
cated that by 1963 it is highly 
likely that 20-30-Mw gas-cooled re- 
actors using 1-1.5% enrichment 
would be ready and likely to be 
major users. These would also be- 
come contenders for first use of 
ceramic elements in 1963, possibly 
beryllium-clad and similarly en- 
riched, probably of plate or rod- 
cluster form. 

2. If U. K. is to use enriched 
uranium, to what extent will it de- 
pend on U.S. to supply it? 

The British have a long-range 
answer for upgrading fissionable 
content of fuel: plutonium. Supply 
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and fabrication techniques are con- 
fidently expected to meet enrich- 
ment demands for stations going 
critical after 1965. Recent an- 
nouncements indicate that pluto- 
nium-enriched prototype elements 
have shown up well from the point 
of view of radiation damage, and 
should be cheaper than U™ enrich- 
ment. On the other hand, it is un- 
likely that Capenhurst (where 
Britain’s gaseous-diffusion plant is 
located) could supply all the U™ 
needed before then, if, say, the 
second half of the 6,000-Mw White 
Paper program were to switch to 
, enriched fuel. But in spite of the 
fact that British-produced U™ is at 
least three times more expensive 
than U. S. material, AEA spdltainen 
seemed to think it highly improb- 
able that Britain would buy—and 
would certainly not disclose the 
amount required. 

38. What maximum fuel burnup 
is expected in the first civilian nu- 
clear plants? 

The expectation of 3,000-Mwd/ 
ton burnup still stands for Calder 
Hall—there is still insufficient oper- 
ational experience at Calder to mod- 
ify the original prediction. This 
represents an irradiation life of 4-5 
years. Use of slight enrichment in 
the later reactors will increase the 
3,000-Mwd/ton figure. 

4. What are the temperature 
limitations of presently used fuel 
and canning materials? 

Sir Christopher Hinton recently 
said magnox and other similar mag- 
nesium alloys will be good up to 
470° C can temperature, for sta- 
tions going critical by 1963. This 
compares with 410° C at Calder. 
Gas temperatures published for the 
first three civil stations indicate can 
temperatures of 430-440" C; the 
fourth, 500-Mw Hinkley Point sta- 
tion will operate at slightly higher 
temperatures. Beryllium canning, 
likely to be introduced for reactors 
going critical after 1963, will per- 
mit can temperatures of 500° C and 

as temperatures of 425° C. In 
this case the limit is set by the in- 
ternal temperature of the uranium 
fuel itself. Ceramic fuel is pre- 
dicted to take over at this point. 
Use of beryllium is likely regardless 
of enrichment. 

5. What general reactions do you 
find to vgs ee action in pushing 
AEC into building a Calder-type 
reactor? 

AEA reaction was surprise mixed 
with satisfaction. The general feel- 
ing is that the U. S. program has 
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been overtaken by events. Britain, 
faced with the same disposition of 
fuel availabilities, would have made 
the same decisions. 

6. Can you shed any light on why 
British firms have not yet sold any 
Calder-type reactors abroad? 

Foreign buyers are sitting on the 
fence until more Calder Hall hours 
are accumulated; setting up and 
financing consortia by purchasing 
countries takes time; countries are 
still weighing political consequences; 
there is reluctance on the part of 


U. K. Orders 500-Mw Plant, 


England’s third civil nuclear cen- 
tral station at Hinkley Point, Somer- 
set, was formally ordered last month; 
the consortium of English Electric— 
Babcock & Wilcox~Taylor Woodrow 
got the construction contract for the 
500-Mw(e) station, largest ordered 
so far in the world (NU, Sept. ’57, 
31). The $168-million plant is not 
expected to hold this distinction 
long: the fourth and fifth stations to 
be ordered next March are expected 
to be even larger—perhaps as big as 
800 Mw. Scheduled for completion 
by late 1962, Hinkley Point will 
have two gas-cooled graphite-mod- 
erated reactors each a a in a 
67-ft-dia spherical pressure vessel. 
Although this is almost identical 
with those of the first three civil 
nuclear stations underway—Brad- 
well and Berkeley in England, 
Hunterston in Scotland—and _al- 
though Hinkley Point follows its 
three predecessors in layout and de- 
sign principles, the net electrical 
rating of each reactor has been 
raised by the astonishing figure of 
55%. Similarly, each of the six 
dual-pressure steam generators sur- 
pos each reactor has 3% times 


the capacity of those of similar de- 
sign built by B & W for Calder Hall 
for an increase of only 20% in 
height, 25% in dia. 

The result is a drop in capital 
cost from £130 to £110/kw in- 
stalled, and power cost is placed 


“firmly” between 0.6 and 0.65 
pence (7 and 7.6 mills). Thermal 
efficiency of the station is 26%, ther- 
mal rating of the two reactors 2,000 
Mw. The consortium’s engineering 
chief Arnes told nuc.eontcs the in- 
crease was due to no single innova- 
tion: the designers had “simply 
notched up on design parameters.” 

Plant features. Details of the 
natural uranium fuel elements are 
mostly company-secret, but Arnes 


the British to cooperate on basis of 
supplying only design without also 
doing fabrication. 

Two other questions that—per- 
haps _significantly—remained _un- 
answered were: U. S. companies 
working on Calder-type reactors will 
have access to Calder data de- 
veloped to Jan. 1, 1957; what data 
will the British withhold from U. S. 
industry? Does British industry 
think U. S. industry will be able to 
compete in the world market, based 
on the first U. S. project? 


Biggest Yet, for Hinkley Pt. 


says a 15% improvement stems from 
improved heat transfer characteris- 
tics on both gas- and steam-side 
fins; he also indicated there had 
been a definite switch from ma- 
chined transverse fins as at Calder 
to extruded multistart helical fins. 
Another 5% improvement comes 
from a core loading arrangement 
—— a 2-ft increase in core 
eight and a 4% increase in both 
fuel load and graphite charge. Gas 
coolant pressure is up 20% to 175 
psi, and there’s a_ considerable 
though undisclosed rise in maximum 
gas temperature. Maximum steam 
conditions of 650 psi, 700° F shows 
little change over the three earlier 
civil station designs. A new method 
of rigid foundation support will re- 
lieve the 1,700-ton reactor vessel 
(3-in. mild-steel plate) of the 
5,500-ton weight of the graphite- 
uranium core and takes the com- 
bined load straight down to rock, 
dispensing with the massive con- 
crete rafts required heretofore. 
The reactors will be loaded and dis- 
charged from the top as at Calder, 
but without having to shut down: 
separate loading and discharging 
machines will be remotely con- 
trolled. The eight fuel elements 
to each gas channel will be self- 
supporting. Periscopic or TV moni- 
toring will be used to safeguard 
against structural deterioration of 
critical areas in the sphere, graphite 
core, support grids, gas ducts and 
heat exchangers. The design also 
permits removal of control gear and 
rods for maintenance with the re- 
actor under full load. Shielding for 
each reactor will consist of a 90-ft 
high, 7-ft thick 12-sided concrete 
biological shield lined with steel- 
plate thermal shield; surrounding 
this are two secondary concrete 
shields forming an envelope 140 x 
100 ft. 
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Reactor News 


NEBRASKA CONTRACT TERMS SET 


After more than two years of difficult negotiation, success 
finally crowned the negotiations of Consumers Public 
Power District of Nebraska and AEC, and contract 
terms were agreed on for this third and last entry in the 
first round of AEC’s Power Demonstration Reactor Pro- 
gram, long after the Yankee and the Detroit fast breeder 
projects. At stake is a 75-Mw sodium-graphite power 
reactor—a tenfold scale-up of the Sodium Reactor Ex- 
oye that Atomics International developed and 
yuilt for AEC at Santa Susana, Calif. AI will also 
build the Nebraska reactor, to be located on a 600-acre 
tract a mile north of Hallam, Neb., halfway between 
Lincoln and Beatrice. Under the contract terms, AEC 
“with specific assistance from Consumers” will build the 
reactor; CPPD will provide site and a 100-Mw turbo- 
generator, contribute $5,220,000 to reactor construction, 
and operate the entire plant for five years. Estimated 
construction costs are $29-million for the nuclear end 
of the plant, and $11-million for the steam-raising end 
which CPPD will finance. Consumers plans to spend 
another $10-million for a conventional steam boiler as 
alternate heat source for the turbogenerator (NU, Feb. 
57, R2), for a sub-station, and other facilities. In 
addition to underwriting the bulk of reactor construction 
costs, AEC has also agreed to bear $18-million of pre- 
construction research and development costs (most of 
the work to be done by AI under an existing contract 
with AEC), plus another $8-million of post-construc- 
tion expenses covering fuel costs and extraordinary 
maintenance. This is the deepest financial commitment 
AEC has yet made under the Power Demonstration 
Reactor Program of joint AEC-industry effort: neither 
Yankee nor the Fermi fast breeder projects call for ex- 
penditure of any Federal funds on shonieal construc- 
tion, but only for research and development work. 

The new formula was authorized by Congress two 
months ago (NU, Sept. 57, 22). Time schedule calls 
for the turbogenerator to be begun early in 1958 and 
to be in operation using the conventional boiler by April 
1960; reactor construction is to start in mid-1959, test- 
ing in mid-1961 and full operation in late 1961. 


PEBBLE-BED EXPERIMENT PROPOSED 


Sanderson & Porter has proposed to AEC that it design 
and, in collaboration with Alco Products, build a ile 
and-dirty prototype of a high-temperature, gas-cooled 
pebble-bed reactor (NU, June ’57, 19). The experi- 
ment would be a 5-Mw (heat) unit, dumping its heat 
to the atmosphere; it would be built at Arco, Idaho. 


CVNPA BACKS HEAVY WATER REACTOR TYPE 


The heavy-water-moderated and -cooled power reactor 
has found a champion in Carolinas-Virginia Nuclear 
Power Associates. CVNPA, set up last October (NU, 
Nov. '56, R6), filed a pro 1 with AEC under the 
third round of the power Souctatation program; the 
four-utility combine becomes the first U. S. group to 
place its chips on D:O moderation and cooling. The 
proposal is for a 17 Mw(e) unit fueled with slightly en- 
riched uranium; cost is estimated at about $17-million 
(still the 1954 Hafstad formula of ‘a megawatt for a 
megabuck’). Site has not yet been fixed, but the Salis- 
bury, N. C., area between Charlotte and Greensboro 
has been mentioned. AEC has been asked to support 
the major portion of development costs and to waive 
fuel and D:O use charges; CVNPA would pay all con- 
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struction and operation costs. Because of the June 
1962 completion deadline on third-round proposals, 
CVNPA is allotting only one year for preliminary de- 
sign work —a — in 1958, and three years for 
construction; it’s hoped to get research and develop- 
ment underway by mid-1958. Stone & Webster had 
reviously been retained as architect-engineer, Westing- 
a as equipment developer and supplier, and Walter 
Zinn’s General Nuclear Engineering Corp. as nuclear 
consultant (NU, June °57, 18). 

CVNPA joins many who feel the D.O-moderated and 
-cooled power reactor with its great neutron economy 
and hence fuel economy is a type with a future 
promise; the Canadians have been particularly apprecia- 
tive of this type and have chosen it for their first. 


AI COMPLETES ITS PORTABLE REACTOR 


The first prototype of the nation’s second portable train- 
ing reactor (NU, Oct. '56, 98) has been completed b 
Atomics International and is now in operation at Al's 
Canoga Park, Calif., plant. The “Laboratory Reactor,” 
selling for $55,000, is a water-boiler or solution-type 
unit, operating at a power level of 5 watts. Its 1-ft-dia 
spherical stainless-steel core contains a 4-gal water solu- 
tion of enriched uranyl sulfate, and is surrounded by a 
6-in. lead shield housed in an 8-ft water-filled tank. 
The complete unit is 8 ft high, 8 ft dia. The reactor, 
which Al has been developing for over a year, follows 
the $100,000, 100-milliwatt AGN-201 (NU, Sept. 56, 
100) on the portable training reactor market. 


NUCLEAR PROPULSION FOR MISSILES 

After about a year during which silence was well main- 
tained (although many may have guessed), Lockheed 
finally announced last month that it has been working 
on the use of nuclear power to propel missiles. The 
only previous clue had come Aug. | when AEC disclosed 
in its semiannual report that it had “initiated feasibility 
studies relating to the application of nuclear power to 
rocket and ramjet engines.” Lockheed’s missile systems 
division has set up a nuclear laboratory at its Palo Alto, 
Calif., research and development center, equipped it 
with a 3-Mev Van de Graaff positive-ion accelerator to 
study nuclear structure, reactor design, shielding design 
and material damage. 


ARGONNE AWARDS ARBOR CONTRACT 

United Engineers & Constructors Inc. of Philadelphia 
won an Argonne contract for detailed design of vce 
Argonne’s new $8.5-million, 200-Mw (heat) boiling re- 
actor facility to be built at AEC’s reactor testing station 
in Idaho (NU, Jan. 57, R8). The design work is to 
be completed by May 1, 1958, and it’s planned to award 
construction contracts two months later. 


AEC SETS HEARINGS ON YANKEE, NACA 
October 8 in the ICC building in Washington has been 
set for the public hearing on proposed issuance of con- 
struction permits for the Yankee Atomic Electric power 
reactor and an MTR-type research reactor for the 
National Advisory Committee on Aeronautics. Yankee 
was to have gotten its permit on Sept. 2 (NU, Sept. 57, 
30), but on the 29th day of the 30-day notice AEC 
had given Aug. 2, the new indemnity law went into 
effect; it requires public hearings, whether requested or 
not, following 30 days’ notice. 





Fast breeder (sphere, left) and materials testing reactor (cylinder, far right) set the pace as 


Dounreay Reactor Center Nears Completion 


Britain recently gave a world premiére to a $60-million atomic re- 
search and development facility now nearing completion in the most 
desolate, windswept northerly regions of the British Isles at Dounreay, 


Caithness, Scotland. 
reaching 100 mph are often re- 
ported) that stalling the establish- 
ment will prove one of its problems. 

The establishment will concen- 
trate on the effects of irradiation on 
materials, coolants, structures and 
components, and on the develop- 
ment of new type enriched-uranium- 
or plutonium-based fuel elements 
including methods of processing and 
recycling. Ultimately a staff reach- 
ing 1,400 will take over most of the 
applied research and development 
work associated with the industrial 
reactor types most favored by the 
AEA, allowing Harwell to concen- 
trate on longer-term projects. 

Principal facilities include two 
reactors; an experimental sodium- 
cooled fast breeder of 60 Mw(th) 
output, and a high-flux (10" n/em’*/ 
sec) 10-tMw heavy-water materials 
testing reactor (DMTR) having 
especially large test holes capable of 
taking engineering test rigs; also 
dry-boxed or remotely operated 
supporting facilities. 

According to Sir Christopher 
Hinton, both reactors should be 
critical by April next year. Each 
provides specific conditions of tem- 
perature and flux not previously 
attainable in British research re- 
actors. This makes possible the 
simulation of life-time radiation 
dosages on specimens in a com- 
aratively short “in-pile” period, and 
anaes fills one of the most serious 
and vulnerable gaps in the British 
research effort. 


New Role for Fast Unit 

Initially the fast breeder reactor 
will be used to establish the opera- 
tional characteristics of the type, 
but later it will be used extensively 
in the general irradiation testing 
rogram, icularly in the chemi- 
pe Meld. PThe coors loaded with 
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So barren and isolated is this fishing village (gusts 


highly-enriched (percentage classi- 
fied) uranium. Plutonium fuel to- 
ap with a thorium blanket will 
»e substituted as soon as sufficient 
plutonium becomes available—prob- 
ably not before 1963. 

The fast reactor was originally 
planned to investigate reactor types 
envisaged for Stage Three of the 
original British nuclear power pro- 
gram. It was concluded that * ad 
would be needed by 1965 to use 
the plutonium by-products of the 
Stage One and Two thermal neu- 
tron stations, which types it was 
thought it would largely supersede. 

But Britain, now gloating over 
the development prospects it sees 
ahead for the originally crude gas- 
cooled, graphite-moderated type, 
even down to 30-Mw sizes, so 
already announced its abandonment 
of this three-phase development. 

For it has since been confirmed 
that this type of reactor can itself 
utilize its own plutonium by-product 
as an enriched fuel. endimeand 
work based on successful operation 
of Calder Hall is convincing British 
experts more and more that what 
are considered the relatively minor 
technological, metallurgical, chemi- 
cal and engineering upheavals in- 
volved in switching to enriched 
ceramic fuels, veo Te cladding, 
and possible hydrogen cooling, may 
prove the quickest, most predict- 
able, economic and least vicious 
route to really thermodynamically 
efficient fluid temperatures in the 
region of 800° C. Also the heat 
ratings possible would greatly re- 
duce the specific weight handicap 
characteristic of the Calder type. 


Present Research Aims 
The present research program 
aims to give the highest priority to 


the immediate requirements of the 
present civil fe. power pro- 
gram, which is based on progres- 
sively higher temperatures using gas- 
cooled, graphite moderated systems. 

In DMTR alone six holes have 
been allocated to the study of 
various new types of fuels and cans 
exposed to varying combinations of 
temperatures, stress and burnup 
rates. These in-pile tests will re- 
veal actual irradiation creep rates, 
changes in thermal conductivity, 
hardness, mechanical strength and 
metallurgical structure. Similar con- 
ditions—less neutron flux—will be 
simulated on identical specimens in 
the laboratory so that the actual 
effect of irradiation can be de- 
termined. This program, it is hoped, 
will lead fairly quickly to long-lived 
fuel elements. 

A further hole will be used to 
demonstrate the behavior of the ele- 
ments already designed for the Cen- 
tral Electricity Authority installa- 
tions. The effect of irradiation on 
the corrosion properties of Na, NaK, 
CO:, and H: coolants will occupy 
another three large holes. Two 
others will investigate the behavior 
of graphite. The remaining facili- 
ties will be used to examine the 
mechanical and physical properties 
of beryllium, zirconium, niobium, 
molybdenum and magnesium can- 
ning alloys, and the behavior of cer- 
tain new irradiation-resistant steel 
specifications to suit shell and struc- 
ture requirements. Some __irradia- 
tion chemistry work will also be 
done. 

Most of the effort of the fuel ele- 
ment development group will be 
confined to highly rated fuel ele- 
ments and to plutonium-based fuels, 
its laboratories being suitably equip- 
ped to deal with gamma active 
materials. Fuels will range from 
simple alloys to cermets and ce- 
ramics, and equipment includes high 
frequency melting and casting, arc 
melting, and powder metallurgy in- 
stallations together with rolling, 
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swaging and machining plant. All 
equipment is in argon-filled dry- 
boxes with gloved manipulation; 
some of it will be remotely operated. 

Dounreay fabrication facilities will 
provide the fuel elements for all 
British home and exported reactors 
using enriched fuel. 


Chemical Research 

In the chemistry department, 
some 100 physical chemists are to 
concentrate on the extension of the 
presently-used solvent extraction 
processes to the new enriched alloy 
and ceramic fuels, and on the in- 
vestigation of a whole crop of new 
problems arising in both aqueous 
and non-aqueous media with the 
later type reactors. 

The establishment will also be 
responsible for effluent disposal de- 
velopment. Highly active waste 
sebtuetie (not those containing 
aluminum nitrate) are concentrated 
by evaporation and stored indef- 
initely underground. Evaporation 
of volatile tributyl phosphate and 
kerosene is carried out in steam 
strip columns. Waste of low activity 
(mostly condensate) is diluted and 
pumped out to sea with continuous 
monitoring. The plant will also 
isolate and purify cesium-137 and 
strontium-90. 


Fast-Breeder Engineering Problems 

Although the 135-ft dia sphere 
which contains the fast reactor is 
one of the largest pressure vessels 
in the world, the builders—Mother- 
well Bridge and Engineering Co. 
(now part of the GEC consortium) 

report few special problems. 
Normally the internal pressure is 
slightly below atmospheric but the 
sphere has been designed to with- 
stand the predicted pressure change 
of 18 + 3 psi, which would arise in 
case of a sodium reaction. 

Some 1500 tons of coltuf 28 and 
32 steel plates 1-1%-in. thick were 
welded in its fabrication. The sur- 
face area amounts to about 1-% 
acres and involved some two miles 
of radiologically-tested weld. Ac- 
cess to the sphere is through an air 
lock on the horizontal center line 16 
ft dia and 40 ft long. 

To control radiation hazard with- 
in the sphere, the reactor and pri- 
mary coolant circuits are contained 
in a concrete biological shield form- 
ing a vault 90 ft dia and 45 ft high 
with five-ft-thick walls. The roof 
slab has a central hole to accommo- 
date the charging machine imme- 
diately above the reactor vessel. 
The vault is supported independ- 
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ently of the sphere, but both share 
a common 10-ft thick concrete raft. 
Around the vault rim is a track for 
a giant 20-ton rotary gantry crane 
47 ft high which spans the diameter 
and will be used to manipulate the 
charger. The whole upper hemi- 
— is swept by a rotating lad- 
er. 

The secondary metal coolant and 
inlet and outlet pipework within the 
vault are shielded by a four-ft layer 
of borated graphite with a seg- 
mented window of pure graphite 
to permit fission-rate measurements. 

The core proper is a hexagonal 
prism 21 in. sigh and 21 in. across 
the flats, made up of several 
hundred fuel elements of annular 
cross section with blanket plugs at 
either end of natural uranium. 
Around the core is a blanket of 
2,000 natural uranium rods eight ft 
long, 1% in. dia. Peak thermal rat- 
ing is 60 Mw. The flux is not dis- 
closed. Electromagnetic pumps cir- 
culate sodium-potassium alloy cocl- 
ant between and within the finned 
fuel elements and over the blanket 
rods. 

A three-phase travelling field in- 
duction pump with a delivery of 
400 gal/min of NaK coolant at 14 
psi is used for each coolant circuit. 
These units have no moving parts 
and only insulation of the windings 
need maintenance. In the case of 
the primary circuit this can be ac- 
complished by remote manipulation. 


Fast-Breeder Safeguards 

Complete failure of the coolant 
system—which would destroy the 
reactor—is obviated by sharing the 
heat removal between 12 identical 
and independent units. Each unit 
comprises two primary and one 
secondary liquid metal circuits, a 
steam raising plant, a dump con- 
denser, and a Diesel generating set. 
As simultaneous breakdown of a 
number of these could still cause 
damage after shutdown, a thermal 
syphon heat-dissipation cycle is 
arranged using a separate array of 
heat exchangers exposed to atmos- 
phere in the stack. 

The need to prevent a sodium- 
water reaction has led to an unusual 
heat exchanger design in which 
stainless steel tubes carrying the 
liquid metal and the water are 
bonded in a common copper matrix 
that allows a leak of either fluid to 
escape to the atmosphere. 

The reactor is controlled by the 
movement of 12 groups of elements 
at the corners of the matrix in and 
out of the core. They are sup- 


ported on arms, movement of which 
is initiated through electromagnetic 
couplings from the driving mecha- 
nism outside the biological shielding. 
Should these fail to drop in an 
emergency, three boron rods are 
arranged to fall between the inner 
row of breeder elements. 

The steam raising plants totalling 
15 Mw are conventional. Although 
it is stated that the fuel elements 
are canned in niobium and _ the 
blanket rods in stainless steel, de- 
tails are scarce concerning their 
fabrication and the methods used 
to overcome thermal instability of 
the core geometry. However, in 
the event of the reactor core melt 
ing, the fuel could flow into a 
single puddle of supercritical mass. 
To avoid this contingency it is be- 
lieved that a number of fuel ele- 
ments are canned wholly or in part 
with a metal such as vanadium 
ports. lower melting point than 
columbium. By suitably vege 


these units within the matrix, pref- 
erential escape routes are estab- 
lished which disperse the fuel safely. 


DMTR Design 

Design of the DMTR reactor is 
basically similar to that of Pluto 
which went critical at Harwell .this 
year, but it is equipped with much 
bigger test holes capable of accom- 
modating complete engineering test 
rigs and Penn. vad It is a highly- 
enriched-uranium fueled, heavy- 
water-moderated and -cooled unit 
with a peak thermal flux of 10" n/ 
cm'/sec and fission heat of 10 Mw. 
Experimental facilities consist of four 
vertical 7-in. and four 4-in. dia 
tubes in the heavy water, six vertical 
4-in dia tubes in the graphite re- 
flector, and four horizontal 7-in, dia 
tubes passing through the reactor 
near the core. 


Risk Study Facility 

An experimental criticality facility 
has been constructed for assessing 
the risks arising in items of oy 4 
ment used in plant processing fis- 
sionable material. An important 
class of system that so far has not 
received much theoretial or experi- 
mental treatment is the oaenalinne 
or under-moderated system, in which 
large quantities of undiluted and 
highly-enriched fissionable material 
may be processed in large batches 
or in continuous plant in which 
there may be large holdup volumes 
and in which small quantities of 
moderating material could acciden- 
tally become mixed with the proc- 
essed material. 
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World News 


Agency Starts First Conference 





The International Atomic Energy Agency is starting its 
first General Conference, expected to last four weeks, 
in Vienna Oct. 1 (NU, Sept. '56, 26). For legal- 
procedural reasons, the Conference will be divided into 
a — and a special session. The regular session, 
largely concerned with protocol, will have but one im- 
portant task: to elect ten members to the first Board 
of Governors, and thereupon to convene a special ses- 
sion of the General > ae al upon the close of the 
first regular session. ‘Thirteen members have alread 
been named to the 23-nation Board by the Agency's 
Preparatory Commission: Australia, Brazil, 7, oa hy 
Czechoslovakia, France, India, Japan, Portugal, Sweden, 
Union of South Africa, USSR, U. K., U. S. The 
special session must, after a “general debate” like that of 
the U. N. General Assembly, set the scale of contribu- 
tions of members, approve Vienna as permanent Agency 
headquarters, appoint the Director General, pass on the 
first year's budget and program, admit new members, 
= for initial financing, and set the time and place 
or the second General Conference in 1958. 


Owen Succeeds Hinton at AEA 


Sir Leonard Owen has been appointed by the U. K. 
Atomic Energy Authority to succeed Sir Christopher 
Hinton as managing director of AEA’s industrial group. 
Sir Leonard, formerly AEA’s director of engineering and 
deputy to Sir Christopher, played a prominent part in 
planning Calder Hall. Sir Christopher has been made 
chairman of the new Central Electricity Generating 
Board (NU, Sept. '57, 31). 





Finland Trying to Get Subcritical Facility 





The YDIN Nuclear Power Association formed last year 
by 18 big private industrial firms has set aside $112,000 
to buy materials for an exponential pile. For the 6%- 
ft-high unit, 1,500 kg U, 2.5 tons graphite, 0.5 ton 
aluminum and 10 gm _ polonium-beryllium will be 
needed, It will be built and operated by Finland's In- 
stitute of Technology on its campus at Otaniemi outside 
Helsinki; YDIN will retain ownership. It is hoped to 
start work this fall. However State Energy Commis- 
sion secretary Martti Mutru considers it unlikely that 
government funds will be available in 1958 to buy a 
research, reactor. Private industry is said to be awaiting 
a new atomic energy law before investing. 


Japanese Prices, Purchases 





Atomic power produced in Japan will probably cost 
4.91 yen/kwh but could range anywhere from 3.72 to 
7.56 yen (3.60 yen = 10 mills), according to estimates 
of a number of interested government and industry 
groups. This means that atomic power would be more 
expensive than thermal, which now averages 3.50-4.00 
yen/kwh. . . . France is negotiating its first important 
export of natural uranium, with Japan. Involved is “at 
least one ton” at $40/kg. Japan is also negotiating for 
“large quantities” of Canadian uranium. Japan's am- 
bassador to Ottawa, Toru Hagiwara, said Japan had 
asked the World Bank for credit to buy uranium. 


U. K. Studying 100,000-ton Sub Tankers 


Nuclear-powered submarine tankers bigger than the 
gg Elizabeth and twice as fast are being studied by 
e Mitchell Engineering Group of London which has 
commissioned Saunders-RKoe Ltd. to carry out a series of 
hydrodynamic tests of possible hull shapes. Eight 
model hulls, each a variant of a “simple fish like shape,” 
are being tank-tested at Cowes on the Isle of Wight. 
Saunders Roe’s tank superintendent W. A. Crago says 
“beneath the waves, secure from storms and surface 
drag, the streamlined vessel can cleave through the 
water with the minimum resistance. Hence the belief 
that a submarine of 100,000 tons may be feasible, and 
also that remarkably high speeds—double that of a 
Queen Elizabeth—could be well within its range.” [Top 
published speed for the Elizabeth is about 32 knots.] 





Graphite Plant for Mexico 

A new graphite electrode plant being built at Apodaca 
near Monterrey, Mexico, will assure a supply of the 
material for the country’s nuclear power development. 
Built by Electrodos Nacionales S.A., an affiliate of Union 
Carbide Corp., it is to start production in 1958. 





Iron Curtain Items 

Russia has two big plants producin ne water, ac- 
cording to the German magazine Chemische Industrie. 
The larger one reportedly produces 60 tons/yr using a 
hydrogen sulfide exchange process, ih which the water 
is enriched to 5%, followed by electrolysis producing 
99.8% D:O. The second plant uses an ammonia- 
hydrogen exchange process; its capacity is estimated at 
30-40 tons/yr. . . . East Germany's first reactor, a 2- 
Mw (heat) enriched uranium water-cooled research unit 
supplied by Russia, is about to go into operation at 
Rossendorf near Dresden. . . . Bulgaria has established 
an AEC under the chairmanship of General of the Army 
Ivan Mikhailov. 





Kaiser in Trade Pact with Japanese Firm 





A nuclear development agreement has been concluded 
between Kaiser Engineers and C. Itoh & Co. Ltd. of 
Osaka, one of Japan’s fastest-growing trading firms. 
It calls for a joint —- to study and develop nuclear 
plant engineering and construction projects in Japan. 
Although an import-export firm, Itoh is said to maintain 
a separate nuclear energy department in Tokyo staffed 
by physicists and engineers engaged in importing nu- 
clear products and equipment to Japan. Kaiser's agree- 
ment is another in a growing wave of licensing or trade- 
partnership deals by U. S. nuclear firms with concerns 


abroad (NU, June ’57, 23; July, 19; Aug., 19, 27). 
Progress in India 





A as for large-scale production of nuclear power 


for industrial use is expected to be finalized by mid- 
1958, Indian AEC chairman Homi J. Bhabha told 
nucLEonics. He feels installation of 1,000 Mw of 
nuclear generating capacity by 1965 is technically fea- 
sible. He said India’s first reactor “Apsara,” now oper- 
ating one year (NU, Sept. ’56, R11), has operated more 
than 1,500 hours at power levels between 1 and 100 kw. 


AI Ships Berlin Reactor 


Packed in 26 crates complete, NSO73—the 50-kw uranyl 
sulfate solution research reactor for the Free University 
and the University of Technology in West Berlin—sailed 
from Los Angeles Harbor last month. 
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News in Brief 


Domestic Uranium Production Up 


U.O; concentrate production rose to 4,141 tons in the 
first six months of 1957, from 3,400 tons in July-Decem- 
ber 1956, according to AEC’s second release of U-pro- 
duction statistics (NU, Jan. 57, R2). In the same 
period, daily rate of ore processing rose from 8,960 to 
9,350 tons, and measured and inferred U ore reserves 
rose from 60-million to 67-million tons (average content 
0.27% U). Ore stockpiles in the west as of mid-1957 
were 1.95-million tons (0.28% U,O.), 1.5-million of it 
held by the Government. 


Zirconium Producers Merge 


Three leading producers of zirconium, titanium, haf- 
nium, and other light metals will pool their resources 
to form the largest integrated processor of these 
metals. P. R. Mallory & Co., Sharon Steel Corp., and 
National Distillers & Chemical Corp., already linked 
through their joint ownership of Reactive Metals Inc., 
will pool all their metals facilities in a new firm, Mallory- 
Sharon Metals Corps., with $55-million assets. 


Hagan Chemicals Forms A-Division 

A nuclear power division has been set up by Hagan 
Chemicals & Controls Inc. of Pittsburgh, to apply the 
company’s experience in automatic controls, instrumenta- 
tion and water treatment methods to the nuclear power 
field. It will be headed by research engineer C. J. 
Munter, 27 years with the firm. 


AEC Levels Off Power for U-Separation 

An evening-out of the flow of uranium feed to gaseous 
diffusion plants at Oak Ridge, Portsmouth and Paducah 
has permitted AEC to cut back its total power require- 
ments by 765 Mw. Peak periods have been eliminated, 
now that it has become possible to schedule a regular 
flow of feed uranium the year around. For the past 
three months, AEC’s vast diffusion plants have been 
using 10% less power, yet U™ separation continues at its 
former rate, and still requires ~10% of all U. S. power. 


Recent Contract Awards 


A Leeds & Northrup electronic reactor simulator has 
been ordered by the Israel Institute of Technology at 
Haifa, another by the Univ. of Puerto Rico, another 
by the School of Engineering of the Univ. of Pennsyl- 
vania. .. . The Martin Co. nuclear division will fur- 
nish four experimental tubular fuel element assemblies 
to Phillips Petroleum for the Materials Testing Reactor. 
Each assembly will contain 1 kg of UO:, two unenriched, 
two enriched to 20%... . three intermediate sodium 
heat exchangers costing more than $1.75-million have 
been ordered for the Enrico Fermi fast breeder from 
Alco Products, Inc. Each will be 30 ft long, 6 ft dia, 
weigh 62 tons, and have a capacity of 500-million btu. 
. . . A $256,000 contract for nine 14,000-Ib radiation 
shielding windows has gone to Penberthy Instrument 
Co., Seattle. Six ft thick and 75% lead by weight, they 
are to be completed in June and installed at AEC’s 
Nevada test site. . . . A $25,000 U. S. Interior . 
contract has gone to Fluor Corp. for study of the 
potentials of various processes for distillation of salt 
water by means of nuclear energy, using the latter 
either as a source of heat or of electric power. 
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Two New Fuel Element Plants 

Olin Mathieson Chemical Corp., already making fuel 
elements at its nuclear fuel division’s first plant in New 
Haven, will build a second for assembly of reactor cores. 
A small plant will be completed by next spring near 
Montville, Conn., 6 mi N of New London; a larger plant 
will eventually be built adjoining. . . . And American 
Lava Co. will enter the nuclear fuel field with construc- 
tion of a pilot plant for ceramic fuel elements, also to 
be in operation by spring. The firm, a wholly-owned 
subsidiary of Minnesota Mining & Manufacturing Co., 
has not yet selected a site; Chattanooga is a possibility. 
The pilot plant will have 7,000 ft’ on two levels, and 
will employ 20 initially. The parent firm is completing 
a small nuclear research center this month at St. Paul, 
Minn.; it will include a materials lab devoted primarily 
to developing high-temperature reactor sereak 3 and a 
gamma facility. 


An AGN-201 for France 


Aerojet-General Nucleonics is negotiating with its 
French representative, Laboratoires Derveaux, for place- 
ment there of a low-power training and research AGN- 
201 reactor for demonstration purposes. 


Glossary Accepted as a Standard 

The 189-page booklet, “A Glossary of Terms in Nuclear 
Science and Technology,” published by ASME in 1955 
(NU, Aug. 55, 66) as a proposed American standard, 
has been accepted as such by the American Standards 
Association and designated American Standard N1.1- 
1957. Designed to provide a common nuclear language 
for workers in different scientific disciplines, the work 
has already found considerable acceptance. 


Radiation Control Firm Formed 

Controls for Radiation, Inc., specializing in comprehen- 
sive radiation safety and control services, has been 
formed in Cambridge, Mass. Its president: William E. 
Barbour, Jr., founder and former president of Tracerlab. 
In addition to monitoring radiation, calibrating dosim- 
eters, setting up radiation-protection programs, and 
evaluating available instruments for its clients, the new 
firm will also provide services in the field of fissionable 
material accountability. 


Nuclear Center for Virginia Univ. 

The University of Virginia, planning a 1-Mw swimming 
pool for some time, has announced establishment of a 
nuclear center. Through the center, to be headed by 
J. L. Meem, Jr. (see p. 152), “the university will marshal 
all its resources relating to nuclear energy,” not only 
in scientific and technical fields but also in architecture, 
business administration, law, and library resources. 
Already installed are a Van de Graaff proton accelerator, 
an electron synchrotron, a 1,000-curie cobalt-60 tele- 
therapy unit in the medical center, and a Co” radiation 
field at the experimental farm. The reactor is to be 
completed within a year. 


Vitro Buys More U Ore 

Up to 10,000 tons/month through March 1962 of low- 
lime uranium ore will be taken from Jen, Inc. of Moab, 
Utah, by Vitro Uranium Co. Jen has an option to 
increase shipments to 12,000 ton/month; value of the 
maximum amount of ore involved reaches $38-million. 
Vitro will process the ore at its recently-expanded Salt 
Lake City mill. 
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NUCLEONICS Statistics of the Month 


After more than a year of prepa- 
ration, NUCLEONICS presents what it 
believes is the firat table of statistics 
to be published regularly about the in- 
fant civilian atomic energy industry. 


This service is intended to provide 
those concerned with the 
aspects of atomic energy with a con- 
tinuing indication of the growth of 
theindustry. Because of the newness 
of the field, sales statistics that nor- 
mally provide the backbone for such 
a service are not available. Instead 
we are presenting data that Nu- 
CLEONICS considers to be “growth 
indicators.” 


business 


The curve above shows cumulative 
total dollar value of public and pri- 
vate nuclear construction projects in 
progress, It is based on data com- 
piled by Construction Daily, a 
McGraw-Hill publication, from re- 
porta filed by its staff of 765 field 
agents throughout the country 1s 
new contracts are awarded, their 
value is added to the cumulative 
total; aa the facilities are completed, 
their value is subtracted—so that the 
curve reflects projects underway 


Readers of NUCLEONICS are in- 
viled to eend us their reactions to this 
new feature, and in particular lo 
comment on the usefulness of the 
categories given in the table and to 
suggest others that may have value. 


Contracts Awarded, Federal Projects ($10*)* 
Proposed Atomic Construction, Private ($10) * 


Contracts Awarded, Private Atomic Work ($10")* 


Backlog of Private Atomic Projects ($10°)* 


Number of Access Permit Holders! 


Isotopes Use} 
Applications for Isotope Use 


Number of Isotope Users (Cumulative) 
Oak Ridge National Laboratory Shipments 


Public and Private Export Shipments 


Employment Datat 
AEC Employment 


Construction & Design Contractors’ Employment 


Total Operating Contractors’ Employment 


Production workers 


Research and development employees 


Miscellaneous workers 
Average Weekly Hours Worked 
U. S.-built Power Reactors: 
Central Station, Domestic 
Central Station, Abroad 
Power Experiments 
Military and Naval 


U. S.-built Research and Test Reactors: 


Domestic 
Abroad 
Foreign-built Reactors: 
Power, for Domestic Use 
Power, for Export 
Research and Test, for Domestic Use 
Research and Test, for Export 


* From Construction Daily, a McGraw-Hill periodical. 
3 From AEC 


Latest 
month 


3,459 


0 


4,000 
237 
27 


345 
4,245 
1,142 

269 


6,898 
12,727 
99,412 
50,928 
41,918 

6,586 

40 


9 


5 


Month 
ago 
5,627 
7,100 
6,500 0 
232.9 171. 
35 46 


ago 
4,587 
0 


396 356 
4,182 3,470 
1,203 1,125 


419 201 


6,823 
14,369 
98,176 
50,525 
40,780 

6,871 

41.0 


6,627 
14,042 
91,834 
50,129 
35,505 

6,200 

40.8 


Operating Building Contracted for 


4 
1 
3 
21 


21 
14 


21 
0 
18 
4 


1 
7 
4 
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NUCLEAR DATA PROCESSING — FROM DETECTOR TO READOUT 


Multi-Channel Analyzers 
Fast-Slow Neutron 
Survey Meter 


Scintillation 
Detectors 


‘ 


Highest Gamma discrimina- 
tion, transistorized, lighter A 
weight, printed circuitry, log 
scale, and reduced power 
requirements are some of 
the features that make the 
RCL survey meter the most 
advanced meter available. 
See RCL’s new catalogue 
for all of your instrument 
requirements. 


New scintillation detectors are now avail- 
able from RCL. Illustrated above is the flexi- 
bility when used with RCL’s new dual pur- 
pose shield. (a) with a well type crystal for 
test tube samples and (b) with a solid crystal 
for flat samples. Alpha, beta and gamma 
crystals available, as well as other shields 
and collimators. See RCL’s new catalogue. 








, , = Reactor Controls 
Atomic Fair Visitors 











See the most important 
development of the 


year in nuclear 
Radiation, no matter what its source, can 
best be analyzed by RCL’s 256-channel 
analyzer. Speed, precision, reliability ore 
but a few of the qualities that make RCL 
the leader in the spectrometry field. Also 
available, 1024-channel Neutron Time of 
Flight Analyzer. See the new RCL catalogue 
for more information. 


instrumentation. 


The Composite Safety Amplifier illustrated 
above is only one of the many reactor con- 
trol instruments manufactured by RCL. The 
high quality and reliability thet is monde- 
tory with these items is guaranteed by RCL. 


RCL’s 32-Channel Analyzer 


Booth 335 





Sensing Elements Scalers and Proportional Counting Systems Counting Room Accessories 


The Mica Window Counter above is repre- 
sentative of the most complete line of sensing 
elements available in the nuclear field today. 


This Vertical Iron Shield is representative of 
RCL’s complete line of counting room acces 





The system shown above is a complete gross 


Scintillation detectors, GM counters, fast and 
slow neutron detectors, ion chambers, and 
flow counters are outlined in RCL’s new 132- 
page catalogue, available immediately. Use 
the coupon below to send for yours today. 





counting system for alpha, beta and gamma 
radiations. It consists of a decade scoler, a 
high voltage supply with pulse amplifier, and 
a preflush flow detector. Operates with GM, 
scintillation and proportional detectors. 





sories. Other shields, safety devices, sample 
handling items and accessories demonstrate 
RCL’s complete line of nuclear equipment 
and instruments. Send for RCL’s new cata- 
logue for a complete list of products. 


Send for RCL’s NEW 132-page catalogue TODAY. 


Radiation 


¢\ Counter 


REL. Laboratories, Inc. 


NUCLEONIC PARK, SKOKIE, ILLINOIS 
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Radiation Counter Laboratories, Inc., Dept. 1107 
Nucleonic Park, Skokie, Illinois 


Please rush RCL’s new 132-page catalogue to me immediately 


Title 
Firm 
Address 
City 
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If you want to draft a more 


successful engineering career. 


MANY DOUGLAS ASSIGNMENTS LET YOU 


FOLLOW THROUGH FROM DESIGN TO DELIVERY 


Frequently, it’s important that you have the chance to apply 
theories you've helped to develop. Douglas is anxious that engineers expand 
their knowledge of a problem in practical ways. This is accomplished 
by keeping your assignments varied... by often letting you follow 
the job through to completion. There are many exceptional 
opportunities to start your career at Douglas, including... 


CAREER OPPORTUNITIES FOR AERODYNAMICISTS! 
Aeronautical Engineers with undergraduate and graduate 

degrees and Physicists with advanced degrees work 
on supersonic aircraft now in production... and 

on hypersonic aircraft in all phases of development # 


from design to ultimate delivery. 
er wi > 
<> tg ?, 


For important career opportunities 
in your field, write: DOUGLAS a 
Cc. C. LaVENE ~~ 
DOUGLAS AIRCRAFT COMPANY 


BOX L-620 
SANTA MONICA, CALIFORNIA FIRST IN AVIATION 


<> 
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skill 


experience 


facilities 


zirconium 
titanium 


uranium 


Tale Mmoh dali 
atomic energy metals 


1% Boron Stainless, with its remarkable 
thermal neutron absorption property, was de- 
veloped by and is now available from Superior 
Steel in strip, sheet, plate, bars and fabricated 


knowledge of and specialization in 





Superior Steel 


CORPORATION 





CARNEGIE PEWNWN 


See ws at Booth 172 Atomic Trade Foir 


NUCLEONICS 


A Magazine 


and an industry/ 
Share a 


and Take Stock 
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A Nuclear Tomorrow 


Comes into View... 
NUCLEONICS will bring its 
important technical events 


into fine focus 


On the cover of the September Issue of NUCLEONICS are 
the words: “A Magazine and an Industry Share a 10th 
Anniversary and take stock of their future.” 

They echo a challenge . . . one that makes us review 
the purpose of NUCLEONICS: to serve as the industry’s 
only authoritative source for the newest developments 
in Atomic Power, Nuclear Engineering and Applied 
Radiation. This is the challenge of the next 10 years! 

As an indication of industry growth NUCLEONICS will 
reach approximately 20,000 paid subscribers in 1958. 
If your product or service is applicable to the Nuclear 
Industry advertise it in NUCLEONICS where the impor- 
tant buyers will read about it! 








Coming In The First Half of 1958 


Special Reports on: 
® Industrial-heat Reactors ® Test Reactors 


® Nuclear Fuels ® Critical Facilities 


© The Shippingport Nuclear Power Station — PWR 











7 N [J (” 5 F () N (; G 330  — my. 





NOW AMF ANNOUNCES 
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a new training reactor—the AMF-GNE Educator 


AMF ATOMICS, the world’s leader in 
research reactor design and construction, 
has joined forces with Dr. Walter H. Zinn 
and his General Nuclear Engineering Corpo- 
ration to provide a new and improved ver- 
sion of the Argonaut-type training reactor. 


EDUCATOR TRAINING REACTOR 


TYPE 
Thermal heterogeneous 


POWER 
Operating power 10 KW 
thermal, continuous 


FLUX 
At center 10** neutrons/sq 
cm/sec 


FUEL 
Uranium-aluminum alloy 
arranged in 24 bundles and 


containing approximately 
3.8 kg of U-235 in 20% 
enriched fuel 


MODERATOR 
Graphite and light water 


CORE 
5 ft. x 5 ft. x 4 ft. rectangular 
prism of graphite containing 
6 light-water-filled aluminum 
fuel boxes 


COOLANT 
Light water pumped into fuel 
boxes with gravity feed to heat 
exchanger and storage tank 


CONTROL 
4 swinging-arm type blades 
Light water moderator quick dump 


SHIELDING 
5 ft. concrete block 


Be sure to see Booths 165-168 


ATOMIC TRADE FAIR 


AMF ATOMICS 


This new AMF-GNE Training Reactor offers universities and 
educational systems everywhere a low-cost facility that is both un- 
usually safe and highly flexible in application. Experience-dictated 
modifications and improvements made on the Argonaut-type de- 
sign by General Nuclear Engineering Corporation, coupled with 
the reactor engineering and construction experience of AMF, has 
made the Educator the most advanced of all reactors for university 
training. 


Essentially a water-and graphite-moderated, graphite-reflected 
reactor, the Educator has been designed for graduate and under- 
graduate studies and industrial training, It offers a comprehensive 
facility for training in reactor physics and engineering, as well as 
in nuclear physics, radiochemistry, radiobiology, and related fields. 


Safety — Since the reactor is designed to operate at the low power 
level of 10 kw, there is a minimum of excess reactivity, and the 
amount of contained fission products is small. There is no credible 
way in which the fission products can escape the fuel elements, 
The reactor is, therefore, perfectly suited for a university campus 
installation. 

Since the core is based upon the design developed in the Borax 
experiments, the reactor is inherently safe. Proper control of the 
fuel loading of the reactor is all that 1s necessary to insure that no 
accidental mismanagement will result in the release of fission prod- 
ucts from the fuel plates. 


Low Cost —The simplicity and small size of the Educator permits 
installation in an existing building, without requiring any other 
construction. Generally speaking, campus locations should be 

ssible, and the reactor itself is highly adaptable to a variety of 
installation requirements. 


Versatility—The AMF-GNE Educator is designed for continuous 
operation at 10 kw, giving a thermal neutron flux of 10" neutrons 
per sq. cm/sec. Horizontal and vertical thimbles, a thermal column, 
and a large water tank providing flexible irradiation space are 
features of the installation. Possible experiments include control 
rod calibration, neutron optics, neutron flux determination, chem- 
ical analysis by activation, irradiation of biological materials, and 
a wide range of other reactor and irradiation studies. 


Assistance Program—In addition to the actual manufacture and 
installation of the reactor, AMF and GNE can assist in any or 
all phases of your nuclear energy training program, including: 
1. Site investigation 
2. Preparation of hazards summary report 
3. Application for license, grants, fuel processing 
and fabrication 
4. Reactor start-up, calibration, and test 
5. Operator training at an existing facility 
6. Suggested reactor experiments 
7. Safety and health physics program 
If you are now, or plan soon to be, engaged in nuclear physics 
and engineering training, be sure to discuss your plans with AMF 
ATOMICS. You'll find AMF's unequalled reactor experience the 
srfect partner to your program. For more information on any 
phase of AMF’s complete nuclear reactor facilities, from design 
through operation and training, write us today. 


Power and Research Reactors 


© Reactor Contr Systems 


ATOM | C S A Division of AMERICAN MACHINE & FOUNDRY COMPANY Radio-active Materia! Handling Equipment 
AMF Building * 261 Madison Ave. + New York 16, N.Y. Engineering and Design Services 
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NOW - STUDY THE EFFECTS 
OF GAMMA IRRADIATION 
IN YOUR OWN LABORATORY 


W | T H T H E DRAWER SYSTEM . 


—for insertion 


A.E.C.L. GAMMA ‘sme 
IRRADIATION CELL. 


The Gamma Irradiation Cell, Model D-47, safely permits 
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IRRADIATION 
CAVITY 
(up position) 
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the irradiation of material with the penetrating 








gamma radiation of Cobalt 60. Requiring only 


@ connection to an electrical outlet, the unit is 
IRRADIATION 


CAVITY 


ready to go to work providing radiation dose 
(down position) 


rates up to 1,000,000 roentgens per hour. 





| ae 


The D-47 is completely self-contained and 


cz 
i<-* 


is virtually free of maintenance costs. 

A timing device automatically - COBALT 60 
terminates the irradiation at the ) SOunes 
end of a preset time interval. 








With minimum instruction, 

a series of irradiations can be 
handled by a Technician, thus 
conserving the more valuable 
time of supervising personnel 











For information on the Gamma 

Irradiation Cell, kilocurie cobalt 60, 

radiography machines and sources, 

neutron sources, irradiation services, radiosotopes 
and teletherapy equipment please write to 


ATOMIC ENERGY OF CANADA LIMITED 


COMMERCIAL PRODUCTS DIVISION 
P.O. Box 93 Ottawa, Canada 
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Typical spectrum 
display 





88% TRANSISTORIZED 


Only 8.3 cu. ft. 

e Low power consumption— 120 watts 
¢ No ventilation problems 

¢ Unit construction 

¢ Semi-portable (150 Ibs.) 


VERSATILE DATA 
PRESENTATION 


Oscilloscope display 

« Binary count manual readout 

e Accessory readout devices: photo recording 
camera, strip chart recorder, 
electric typewriter, punch tape 


BENDIX OFFERS THE CHALK RIVER 


NIUASONTER 


smallest 100-channel pulse height analyzer available 


his is the analyzer recently developed by Atomic Energy 
of Canada, Ltd. The Cincinnati Division of Bendix 
Aviation Corporation has been licensed to manufacture 
and market the analyzer in the United States. Magnetic- 
core storage is provided for 100 fixed adjacent channels, 
each having widths from 0.03 to 0.3 volts. With the 
biased-off window amplifier and a 30-volt spectrum, 
1,000-channel analysis can be performed. Average dead- 


time is 85 microseconds. Design considerations have been 


discussed in the following references: F. S. Goulding, 
*KICKSORTER DEVELOPMENTS AT CHALK RIVER” in Mult- 
channel Pulse Height Analyzers, National Research Council, 
publication 467, pgs. 86-94; F.S. Goulding, “some TRANSIS- 
rOR CIRCUITS USED IN MAGNETIC CORE TYPE KICKSORTER”, 
1956 IRE Convention Record, part 9, pgs. 76-81. 
Cincinnati Division, 3130 Wasson Rd., Cincinnati 8, Ohio. 


Export; Bendix international Division, 205 £. 42nd St, NM. ¥. 17, N.Y 
Canada: Computing Devices of Canada, itd., P. O. Bex 5086, Ottawa, Ont 


Cincinnati Division yea 
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Enriched Usenium for 





first in war... Mallinckrodt pioneered in the production of uranium and uranium 
compounds that were used in the first self-sustaining nuclear reaction that 
took place at Chicago in 1942. The company’s contribution to the 
successful development of the nuclear program was given special 
attention in “The Smyth Report.” Facilities and continuing research have 
since been expanded for the Atomic Energy Commission. 

first in peace ...The first production in the world, by private industry, of 
enriched uranium oxide for commercial use was completed in 
September 1956 at the Hematite, Missouri, Special Metals Division 
plant of Mallinckrodt Chemical Works. 
NOW, Mallinckrodt’s Special Metals Division (working under special 
AEC license) is producing uranium dioxide and other compounds 
from uranium hexafluoride. A list of compounds already supplied to 
qualified users includes: 
URANIUM DIOXIDE CERAMIC 
URANIUM DIOXIDE HIGH FIRED 
URANIUM TRIOXIDE 
AMMONIUM DIURANATE 
URANIUM OXIDE (U30¢) 
URANYL SULFATE 
URANIUM NITRIDE 
URANIUM CARBIDE 


————— 


<Mablinchrods 


SPECIAL METALS DIVISION 
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WE WILL BE THERE 


TO ANSWER 
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1957 TRADE FAIR | 
OF THE ATOMIC INDUSTRY | 
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held at THE COLISEUM, New York. N. Y 


‘be 


28. 29, 30 and 3st & Visit us at Booths 119 and 120 








nuclear reactors 


| in production... supplying power reactors now being developed 


and research reactors now in use 





a vision becomes a reality... fuel for progress 


The harnessing of nuclear energy for industrial purposes has been a vision of scientist 
for years. Now, it is here — and it was this vision that prompted Mallinckrodt to perform 
the necessary development work, to design and build a special plant 
(see interior view above) at Hematite, Missouri 
The processing area of this plant is divided into bays, each containing equipment for 
manufacture of material of a definite enrichment, in order to prevent cross-contamination 
when compounds of various enrichments are manufactured at the same time 
Mallinckrodt’s facilities, experience and research may be helpful to you. 


WRITE FOR OUR NUCLEAR BROCHURE, “FIRST IN WAR... FIRST IN PEACE’ 
first 
in 
peace | 
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I Car toltlgd-Maelilela-iiels 
gives 
direct readings of 
Tieliel-l- Wiis: petween 5.c and 500mce 










EASY AS 1-2-3... 
L. Select Isotope 

2 Set Range 

3. Read the Answer 








Tracerlab’s new SC-56 Source Calibrator 






SC-56 SOURCE CALIBRA- speeds and simplifies assay of various 
TOR provides for dial se 
lection of six radioactive liquid or solid radioactive materials. 






sources and activity range 
between 5uc and 500 mc 
for direct readings on 414 


inch panel meter the activity of Sodium-24, Cobalt-60, Ra- 

dium, lron-59, Gold-198 and lodine-131. 
Calibration accuracy is +5%, based on 
NBS standards. 







In about 20 seconds, you can determine 











Write for Bulletin No. 86 to get complete 





specifications of the exclusive new Tracer- 
lab SC-56 Source Calibrator. 









yd 7 “a 
racerlab 1601 Trapelo Road, Waltham 54, Mass. 
2030 Wright Ave., Richmond 3, California 


Offices in principal cities throughout the world, 
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Contact Paceco for gained-through- 

experience skills in heavy steel design 

and fabrication. 

@ Skills in designing and building equip- 
ment to resist extreme pressures and 





intense temperatures. 


“TAILORS OF STEEL” - 


© Skills in producing heavy equipment to 
extremely precise mechanical tolerances. 














Some units are built direct from buyer's 
plans. In other instances, Paceco engineers 
work with the buyer at the designing stage. 


This : Experience has proved this consultation 
This 38 ton pressure vessel for the develop- "oe , 
may sharply lower initial cost and improve 


mental boiling water reactor at the General Electric operational efficiency. We invite consul- 
Company’s Vallecitos Atomic Laboratory was tation on your requirements, Send for our 
designed and fabricated by Paceco according to illustrated brochure “G” describing 
specifications set by the customer. Shown above, it Paceco facilities. 

is being readied for installation inside the 100 foot 


dome-shaped containment vessel. A 15 ton head, ’ , . 
also fabricated by Paceco, will be installed later. Pacific Coast Engineering Company 
_ ° ; ° Fees ° ENGINEERS* MACHINISTS + FABRICATORS 

The V alle citos reactor will be used initially toobtain — 5 6 power £, Alomedo, California, iAbehursn 2.6100 
operational data for use in the development of the Pacific COAST ENGINEERING CO, INC 

; aga New York 17, 51 Eost 42nd Street, Oxford 7-1475 

180,000-kilowatt Dresden Nuclear Power Station to prt lactate , eis ‘ 
be built by General Electric for the Commonwealth _Pesadena 8, Californio, 774 Eost Green Street, RYon 1.9373 

seit —— Kansas City 12, Missouri, 4706 Holly Street, Ploze 3.3737 
Edison Company. Houston 1, Texas, P. ©. Box 1035, MOhawk 4.3504 


BE SURE TO VISIT OUR BOOTH—1957 TRADE FAIR OF THE ATOMIC INDUSTRY. 





























THE NEW ALZ/OL ZL BALANCE 
FILLS THE GAP 


The new METTLER multi-purpose balances have 
been designed to fill performance requirements 
not hertofore covered by other balances of the 
METTLER line. They fill a gap between the 
METTLER analytical balances and the high- 
speed METTLER precision balances. 

The multi-purpose balances, designated in 
short as “H” balances, are built to weigh by sub- 
stitution. This is the basic principle of weighing 
which gives the user the best guarantee of accu- 
racy in his results. Operation is essentially the 
same as for the famous METTLER 
analytical balances. 

The multi-purpose balances are avail- 


able in three types. 

Type H-5 (illustrated) is designed for the 

analytical field. Capacity is 160 grams, precision 
t-0.1 mg. Weights are calibrated to within class 
S tolerances. 

Types H-4 and H-3 are built for control weigh- 
ings demanding a 1 milligram accuracy of the 
result. Total capacity is 160 grams. Time required 
for a weighing: 10 to 25 seconds, depending on 
type of operation. 

Price: $550.00 to $650.00. 

Ask us today for complete descriptive 
literature of the 3 new multi-purpose 


balances. 


HILCILCEL 


INSTRUMENT CORPORATION 


HIGHTSTOWN, WN. J 
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life insurance 


Even a good product reputation can be 
quickly tarnished by°a 

in-Service failure or ma 

Thats why we at KAM 

$0 heavily in rigorous qu 


it i$ Our product life 


For example, we use a 
eight hundred and fifty 


dimensional tests in checking 
precision-machined valve 
We periodically probe 
innards with searching 

(from radioactive Iridiu 

to detect subtle flaws 

the kind that could become major 
troubles when subjected to 
in-line strains and stress« 
K&M_ is the only 

control valve 

manutfacturer using 
radiographic inspects 
techniques of this typ 
within its own plant 

Such exacting quality 
control is very important. 
msurance for us—.-and 

very valuable assuras 

It is, in effect 

a @uaranty of 

precision valve 

performance over a 

long service life 


Our 78th Y« 
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An all-inclusive reference work, presenting the basic 
physical data so frequently called upon in scientific, 
engineering, and research endeavors, 





— One giant source of 


information 


ton » «in | AMerican Institute of 


contributors 


row iw i | Physics Handbook 


areas covered in 





8 big sections 





Dwight E. GRAY, Coordinating Editor 


BP erinetiatbe k, the American ns you want on such matters as heat, 
Institute of Physics has come up witha ptics, nuclear physics, etc. Text matter is 
all-inclusive reference work. Just like the held to the minimum necessary to make the 
comprehensive handbooks fa: her tabular information understandable and 
professional areas, it offers you si: f iseful 


reliable, wide-range reference — 
of physics. Each section is the work of a number of 
pecialists in the field who have taken into 
Now you can save yourself hours « consideration the many recent discoveries 
searching through scattered reference we ind advances, selecting and compiling for 
for the fact or formula you need t ply your immediate use the most generally 
physical methods in your work. The book helpful data available today. Over 1500 
18 pac ked with the tables, gray } inde jué pages, $15.00 


ee Other Books Important to Modern Physicists 


NUCLEAR PHYSIC MESON PHYSICS 


Here is a systematic, comprehensive study of the properties of This addition to The International Series in Pure and Applied 
atomic nuclei and related phenomena. The book outlines the Physics is a record of the indisputable facts concerning pi, mu, 
field in detail, covers the known facts, and shows what areas are and heavy mesons established since the discovery of the meson 
still imperfectly understood. The material ranges from a back- in 1947. It is the first attempt to assemble and organize the 
ground description of basic phenomena in the field, accelerators, experimental data from both artificially produced mesons and 
radioactivity, nuclear reactions, and quantum mechanics, tonu- cosmic ray investigations and integrate this data within the 
clear decay and nuclear forces. By Alex E. S. Green,Florida framework of modern meson theory. By Robert E. Marshak, 
State University. 535 pages, 218 illustrations, $9.00 University of Rochester. 378 pages, illustrated, $8.00. 


LOW TEMPERATURE MODERN PHYSICS 
PHYSICS FOR THE ENGINEER 


Describes the physical properties of matter at temperatures Nineteen eminent scientists explore with you the basic physical 
below —400°C and shows how these properties obey quantum = gciences on which our engineering society is built. Written 
laws. Experimental methods and results blend with theoretical ’ 
concepts as the author discusses in detail such experiments on 
the properties of matter a quantum characteristic properties 


especially for the engineer, the book shows the interesting 
developments, achievements, and methods used in the various 


of gaseous and liquid helium, the behavior of superconductors, pure”’ sciences. Three broadly-defined sections of the book 


and the electromagnetic permeabilities of matter at low tem 


perature. By Charles F. Squire, The Rice Institute. 244 cation of information. Edited by L. N. Ridenour, Lockheed 
pages, 146 illustrations, $6.50 Aircraft Corp. 490 pages, 211 illustrations, $7.50 


cover the laws of nature, the world we live in, and the communi- 


McGraw-Hill Book Co. Dept FNU10, 327 W. 41st St. New York 36 


SEE 
ANY BOOK 
10 DAYS 
FREE 


Send me book(s) checked below for 10 days’ examination on approval. In 10 days I will remit for 
book(s) I keep, plus few cents for delivery costs, and return unwanted book(s) postpaid. (We pay 


lelivery costs if you remit with this coupon—same return privilege.) j 


American Institute of Physics [-] Marshak—Meson Physics, $8 


Green—Nuclear Physics, $9.00 [-}] Ridenour—Modern Physics, $7.>s 


N ame 
Address 
City and Zone State 


Position Company ° 


I 

! 

l 

l 

an Insti 

| Handbook, $15.00 |] Squire-Low Temperature Physics, $6.50 
l 

I 

| 





For price and terms outside U.S., write McGraw-Hill Int'l. N.Y.C. FNU-10 
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resists — 


v j 


¥ 


no other material 
ESSIEN) 
useful nuclear 
properties 


for Moderators, Reflectors, Thermal Columns, Molds and Crucibles 


Pel ATIONAL NUCLEAR GRAPHITE 


TRADE MARK 


Graphite is the material nuclear scientists call 
surprisingly versatile. Starting with the very first 
reactor, science has used this versatility to solve 
nuclear engineering problems. 

“National” Nuclear Graphite was used in early 
reactors because of its excellent moderating prop- 
erties and low neutron cross-section. Its low cost, 
safety, easy machinability and high refractory 


The terms “National” and “Union Carbide” are registered trade-marks of Union Carbide Corporation 


qualities also combine to make it an indispensable 
structural material. Moreover, the addition of 
boron in low percentages makes graphite excellent 
for shielding. 

Whatever your needs. . . extreme purity, unique 
shapes or sizes, high density, large quantities, fast 
delivery ...see National Carbon, the nation’s most 
experienced graphite producer. 


ei ite). 
CARBIDE 


NATIONAL CARBON COMPANY + Division of Union Carbide Corporation + 30 East 42nd Street, New York 17, N. Y. 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto. 
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YTTRIUM 


Availability of high purity yttrium and rare earth oxides 


Only three years ago, most high purity 
rare earths were little more than labo- 


ratory curiosities. 


Today they are extensively used for 


TYPICAL MAXIMUM IMPURITIES IN LINDSAY PURIFIED RARE EARTH AND YTTRIUM OXIDES 


ATOMIC 


La,0, LANTHANUM OXIDE 


CERIC OXIDE 


PRASEODYMIUM OXIDE 


NEODYMIUM OXIDE 


SAMARIUM OXIDE 


EUROPIUM OXIDE 


GADOLINIUM OXIDE 


TERBIUM OXIDE 


DYSPROSIUM OXIDE 





HOLMIUM OXIDE 


Er,0, ERBIUM OXIDE 


Tm,0,. THULIUM OXIDE 


Yb,0,. YTTERBIUM OXIDE 





Lu 0, LUTETIUM OXIDE 


Y,05 YTTRIUM OXIDE 














OXIDE CODE 


A report by LINDSAY 


an amazing variety of chemical and 


industrial applications. 


What happened? Lindsay techni- 


cians pioneered the first commercially 


% RARE EARTH MAXIMUM 
vunity IMPURITIES AS OXIDES 


99.99 0.01 Pr, 0.001 Ce 
99.997 0.0025 Pr, 0.0005 others 


99.8 0.2 (largely La + Pr + Nd) 
99.9 0.1 (largely La + Pr + Nd) 
- ——4 
99 1 La + Nd + smaller amounts of 
Ce and Sm 

99.9 0.1 Ce + Nd 

95 1-4 Pr, 1-4 Sm, 0.5-1 others 

99 0.10.4 Pr + 0.10.4 Sm + 0.5 others. 
0.1 (largely Pr + Sm) 





0.2-0.7 Gd, 0.2-0.6 Eu, and 
smaller amounts of others 

0.1 (largely Nd + Gd + Eu) 

+ smaller amounts of Nd + 

Gd + others. 

0.2 (largely Sm + Gd + Nd) 

1 Sm + Eu + trace Tb. 

0.1 Sm + Eu + trace Tb 

1Gd + Dy + Y 

0.1 Gd + Dy + Y. 

1 (largely Ho + Y + Tb + small 
amounts of others) 

0.1 Ho + Y + traces of others 





1 (largely Er + Dy + small amounts 
of others) 

0.1 €r + Dy + traces of others 

1 Ho + Dy + traces Yb and Y. 

0.1Ho + Tm 


- — —-+———— +4 
O1Er + Yb + trace Lu 

ler + Yb + trace Lu 
Ler + Tm + trace lu 

0.1 Tm + trace lu + Er 

1 Yb + Tm + traces of others 
0.1 Yb + Tm + traces of others 
1 Dy + Gd + traces Tb and others 
0.1 Dy + Gd + traces Tb 
Approx. 0.05 Dy + Gd 














We will welcome you at BOOTH 114, ATOMIC FAIR 


| INDSAY CHEMICAL (OMPANY 


272 ANN STREET © WEST CHICAGO, ILLINOIS 


installed ion exchange unit for the pro- 
duction of separated rare earths. The 
process was patterned after techniques 
developed by Doctors Spedding and 
Powell of the ‘Institute for Atomic Re- 
search at Ames, Iowa. 


Lindsay's pilot plant rare earth ion 
exchange installation had 40 six-inch 
columns. This unit made purified rare 
earths available to industry for the first 
time in practical, even though still 


limited, quantities. 


The response from industry was so 
enthusiastic, we were forced to expand 
our ion exchange facilities rapidly. To- 
day we have in continuous operation 
more than 100 columns with large pro- 
duction units of eighteen-inch and 
sixty-inch diameters. 


With our larger production 
facilities, we are now making 
prompt shipments of high pu- 
rity yttrium and rare earth 
oxides in quantities from a gram 
to hundreds of pounds, 


COSTS GREATLY REDUCED 


Of course, as production of purified 
rare earths increased, costs came down. 
For example, only three years ago Ter- 
bium Oxide cost $500 a gram. Today 
you can obtain moderate size lots at 
less than $3 a gram. 

Now that you know these high purity 
oxides are so readily available and the 
cost so remarkably low, what are you 
waiting for? 

Rare earths, in purities up to 99.99%, 
have captured the interest and imagina- 
tion of scientists in many industries as 
valuable new tools for the improvement 
of processes and products. 


Your research, product development 
and production people should investi- 
gate the possibilities of these materials. 
Our bulletin “Purified Rare Earth and 
Yttrium Oxides” will give you detailed 
information and prices. 
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ON THE WAY! 


i a - Wed Lod-1-1o bexea\Ze4 mre f-0-tereteleli-ve 





Above: The Brookhaven reactor where Ford instrument engineers 


A prototype closed-cycle gas-cooled 
reactor for land/sea power can be 
ready within five years 


eplaced supposition. Research indi- 
low cost, compact prototype nuclea! 
h thermal efficiency and maximum 
ready by 1963 
o benefit from development of this con- 
electric utilities and the shipping 
on to economy, efficiency ZA 
concept also has the advantage 
e-f ieling ease 
for the Atomic Energy Comm 
iment and other AEC contracto 


See the latest on 
the GCR at our booth (208-209) 


at the Atomic Trade Fair 
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s are conducting Irradiation test for the GCR 


have been greatly encouraged by feasibility studie 
and experimentation on the closed-cycle gas-cooled 
reactor! 

Right now, research is being conducted at Brook- 
haven National Laboratory where Ford Instrument 
is irradiating fuel element specimens. The company 

also developing and fabricating a specialized con- 
trol drive for this reactor type—as well as examin- 
ing control rod and reactor materials, performing 
lynamic tests and completing studies in numerou 
otner area 

Convinced of GCR 


has concentrated on this 


uperiority, Ford Instrument 
reactor concept, to the 
exclusion of all others, for the past three ye: For 
further information, write to Nuclear Sal Ford 


Instrument at the below address. 


FORD INSTRUMENT Co. 


DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long island City 1, N. Y 








BaW Progress Report: 


@eeeeeneeeee#e¢ 


B&W Fuel Elements, designed for Brazil and enriched 
in 20% U*5, shown during critical experiment. 


Validating Core Design of Research Reactors 
Using 20% Enriched Uranium Elements 


To confirm calculations of critical mass require- 
ments for export research reactors using 20%- 
enriched uranium alloy, B&W conducted validating 
critical experiments with Hi-U (high-weight 
uranium-aluminum alloys) fuel elements. These are 
the elements now being supplied by B&W for South 
America’s first swimming pool reactor at the Uni- 
versity of Sao Paulo in Brazil. The critical experi- 
ment conducted at Pennsylvania State University 
under conditions duplicating those expected in 
Brazil is typical of the thoroughness and sound 
engineering traditional at B&W. 

The Sao Paulo reactor, which was designed and 
built by B&W, will serve as a source of neutrons and 
gamma radiations and play an important role in 
Brazil's contribution to the fields of medical, bio- 
logical and industrial nuclear research. Great flexi- 
bility in the arrangement of fuel elements and methods 


50 


of irradiation make the B&W swimming pool re- 
actor an adaptable, versatile research tool. In ad- 
dition, this type of research reactor has the lowest 
cost to flux ratio of all available designs. 

In addition to research reactors and fuel elements, 
B&W designs, manufactures and services complete 
nuclear power and experimental reactors and a large 
variety of reactor system components. Write today 
for further information. The Babcock & Wilcox 
Company, Atomic Energy Division, 161 East 42nd 
Street, New York 17, N. Y. AE-45 


BABCOCK 
£WILCOX | 


ee re» | DIVISION 


‘tld. <hr 
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in nuclear | from wuc/ear - chicago 


spectrometry 


All-new Model 132 gamma-ray analyzer computer 
gives you automatic single-unit counting 


Here is your new automatic gamma-ray counting 
system in one compact, versatile unit. Nuclear-Chicago 
Model 132 Analyzer Computer combines a precision 
pulse-height analyzer, a reliable binary scaler, extremely 
stable high voltage supply and a push-button com- 
puting circuit for use with all gamma-sensitive scintil 
lation detectors 

Pulse height analyzer section of the 132 features 
non-overloading linear amplifier, base level discrimi- 
nator adjustable to 100 volts with 10-turn potenti- 
ometer, ‘window’ control variable from 0 to 10 voles 
High voltage may be varied from 500 to 1500 volts, 
will remain stable to 0.05% for periods of 24 hours 
Scaler section of instruments has 2 microsecond scale 
of 512, electrically reset register and timer, automatic 
pre set time and preset count circuits 

For full particulars on Model 132 Analyzer Com- 
puter and over 60 other new precision instruments for 
radiation measurement, more than 200 radiochemical 
compounds and nucleonic services of every nature 
please write for new catalogs and price lists 
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OUTSTANDING FEATURES OF THE NEW 
MODEL 132 ANALYZER COMPUTER 

a single compact counting system for use with all gamma- 

sensitive probe or well-type scintillation counters 

selective pulse-height analyzer ‘tunes in’ desired gamma- 

ray energy, eliminates background and scattered radiation 

from measurement 

scaler provides wide choice of scaling factors with automatic 

built-in preset count ond preset time circuits. Any preset time 

period from 0.01 minute to 99.99 minutes may be selected with 

a repeat accuracy of 0.04 seconds. Preset count circuit permits 

selection of 8 different counts from 400 to 51,200 

completely automatic push-button operation with high speed elec 

trical reset, automatic “percentage reading | for ratio measurements. 


nuclear - chicago 
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235 WEST ERIE STREET + CHICAGO 10, ILLINOIS 
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GENERAL ATOMIC 


Division of General Dynamics Corporation 


Cordially Invites You 
To Visit Its Booth Number 271-4 
During the Atom Fair at the New York City Coliseum 


October 28, 29, 30 and 31, 1957 
to Learn about General Atomic’s New Reactors: 


REGA 10-30—a Novel, Safe Research Reactor 


IRGA—a Novel, Safe Isotope Producing Reactor 


TRIGA—a Novel, Safe Multi-purpose Reactor 


for University Use. 
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Perhaps we have already solved 
your nuclear handling problem 


Hot cell handling problems have been met— 
and solved—for nearly a decade by General 
Mills engineers. Our fund of nuclear handling 
know-how is available to you. Consultation in 
the early planning stages of your installation 
could save you time and money—and result in 
more efficient operation. 


Whether your requirement is a standard 
General Mills Mechanical Arm or special equip- 
ment—or if you are wondering which—contact 
our Nuclear Products Department, 1620 Central 
Avenue, Minneapolis 13, Minnesota. The phone 
is STerling 9-8811. 


MECHANICAL DIVISION 


f Pre on Engineering and Production 


Creative Research and Develo; 


r 
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VICTOREEN MOBILE AIR MONITOR 


New portable air particle monitor for con 
tinuously monitoring and recording radia 
tion fall-out of other airborne radiation 
Conforms exactly to Oak Ridge Nat’! Lab 
spec, No, Q-17 Provides maximum pro 
tection in plants, labs or wherever con 
tamination may develop. Features auto 
matic warning alarm when beta and gamma 
levels reach the danger point, or if power 
system fails. Logarithmic count rate of 
5 decades from 10 to 1 million counts/min 


Terminal nails AilerialnacAld. ellen « complete expos sdlice ww he Vedios? 
assures safe arrival. Efficient and economical shipping 


methods reduce cost. Our experience and know-how in facilitating custom requirements 
and expediting licenses saves time for you. 


Electronic fields. 
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VICTOREEN RADOCON 
For Roentgenologists, Radiologists 
Radocon provides positive, complete and 
automatic X-Ray dose control. Set pre 
established dose and intensity range on 
Radocon, insert attached probe (ionization 
chamber) at body radiation site, and 
Radocon will monitor exposure safely, re- 
liably shutting off all equipment and 
signalling operator when exposure is com- 
plete. Continuous direct-reading of X-Ray 


and gamma ray delivery rate. Direct-read- 
ing accumulated radiation dose during ex 


VICTOREEN . 
CONDENSER R-METER 
for POSITIVE RADIATION CONTROL 


Fiexible—Model 570 R-meter provides ac 
curate, convenient and reliable radiation 
measurements in research and industrial 
labs, for chemical and food processing, 
and in X-Ray therapy. Uses interchange 
able, easily attached ionization chambers 
for a wide variety of intensity and dosage 


No. 267 


VICTOREEN MINOMETER 


Model 287 Mi isac it and 
efficient charger-reader meter for use with 
No. 362 Pocket Dosimeters. Minometer 
charges the dosimeters of each worker at 
the beginning of the work day and meas- 
ures the remaining charge at the end of 
the work period without delay! in this wa 
an accurate daily radiation exposure chec 
can be made on each employee. Measures 
voltage drop in milliroentgens. 105-130 V, 





posure. Sounds alarm in event of unwanted 
variations in delivery rate. Avoids overdose 
due to personnel or equipment failure 


VICTOREEN muiri-purrose COUNTER TUBES 


Victoreen counter tubes are available for / 


requirements. Fast, positive zeroing — no 
triais. The name Victoreen is your assur- 
ance of technical perfection 


VICTOREEN NEUTRON DETECTOR TUBES 
(Oak Ridge Nat'l. Lab. Design) 


No. VXN-1 Thermal Neutron Detector 
Tube meets exactly Oak Ridge Q-1503 
specification. Enriched Boron Triftuo- 
ride proportional counter (96% Boron- 
10). Nominal oper. voltage 1700 voits 
Plateau length 250 volts. Typical slope 
2% /100 volts 


No. VXN-2 Fast Neutron Detector Tube 
(ORNL Q-1381). Recoil type with poly- 
ethylene inner wall and ethylene fill 
ing. Operating voltage 1450 voits 


Both have 1.F.C. Type MHV Connectors. 
CONDENSER PRODUCTS CO ® 
PLASTICON Type L GLASSMIKES @ Westinghouse RELIATRON 


. FISSION CHAMBER TUBES for immediate delivery! 


e Write for specifications and export prices of these top quality, precision 
Westinghouse RELIATRON tubes 

WL-6307 8F., Proportional Counter Tube 

WL-6376 Fission Counter Tube 

WL-6377 Compensated lonization Chamber 

WL-6937 Uncompensated BF. lonization Chamber 

WL-6938 Hi-sensitivity BF. Proportional Counter 

WL-6941 Uncompensated lonization Chamber 


ESTERLINE-ANGUS 
D-C Recording MILLIAMMETERS 


Permanent magnet, moving-coil type recording DC mil- 
liammeters of extremely hi-sensitivity meeting the de 
mand tor fast, accurate permanent records of all kinds 
of phenomena translatable into electrical impulses. Used 
in the electronics, medical, nuciear physics and re- 
search fields 

Two basic sensitivities: 0-1 MA and 0-5 MA. Available as 
portabie, front switchboard, flush switchboard or for 
wall mounting cases. Equipped with choice of synchron- 
ous motor, hand-wound spring, of motor-wound spring 
chart drives. All models with projecting shaft for exter 
nal chart drive sources. Specially designed cases for 
every application available. Write for descriptive folder 
and prices 


Your request for technical bulletins and price quotations on Nucleonic and 
Electronic requirements will receive our prompt attention, without obligation. 


TERMINAL RADIO INTERNATIONAL LTD. 


135 Liberty Street, New York 6, N. Y., U.S.A. - Cable: TERMRADIO - Phone: WOrth 4-3311 


50-60 cycle A.C. only. Stray-radiation area- 
type dosimeters chambers also available 
for No. 287 Minometer 


PHOTOMULTIPLIER 


& Special Purpose Tubes 


on a single scale without use of relays 
Other safety features 














every purpose and meet the most rigid 

scientific performance tests. The name 

Victoreen on these tubes is your assur 

ance of highest precision, dependability 

and uniformity 

No. 1865 (ililus.) A superior general 

urpose beta-gamma counter 

Ne. 18866 giass-walled gamma ray coun 
ters and No. VG-18 halogen gamma 
counter tubes are especially suit 
able for amateur-type radiation 
indicators 
6306 Hi-efficiency gamma counter 
tube useful for iodine 131 and other 
gamma measurements 


Available for Every Elec. = 

tronic and Nucleonic Que 

Requirement. ti iu 
All Types and Brands 


IN STOCK FOR 
IMMEDIATE DELIVERY! 


VXN-1 

Thermal 
Neutron 
Counter 


No. 1885 
Aluminum 
Wall 











Piastic dielectric capacitors for precise 

laboratory instrumentation. Especially ap : 
plicable to radio frequency and pulse duty 4% 
Low RF loss, moisture-proof, easy mount ’ — 
ing, smaller size. impregnant: Plasticon | 

Film-Silicone fiuid in glassmike style case 

195 types from .0005 to 4 mid. Working 


voltages range from 600 to 30,000 volts D.C Size: 1% « 9” 





HI-PURITY NUCLEONIC CRYSTALS, CHEMICALS FROM 


CRYSTALS INCORPORATED (Svbsidiory of Isotopes, Inc.) 


Suitable for the most exacting research and production requirements. 


SCINTEX PLASTIC PHOSPHORS ANTHRACENE & STILBENE 


for low cost detection of gamma and In Single Crystal Form 

beta radiation where long term, stable Available in diameters to 90mm 
performance is required. Pulse Height Uitra-hi purity provides best per 
60% of anthracene crystal of same wt formance in spectrometer appli- 
Decay Constant: 4 « 10." seconds. Den cations 

sity: 1.040. Maximum Emission: 4400 ALPHA SCINTILLATION DETECTORS 
Angstrom degrees. Softening Temp.: Available in crystals up to 16” diam 
75°C. Refractive index: 1.53. Complete eter, Thin-window type. Capabie of 
information on these phosphors available detecting soft alpha radiation in 

30-40 kev. range 
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do you find adequate 


e f nuclear equipment, 
We We 4,«¢ development and 


manufacturing facilities? 








SUNDSTRAND SUNDSTRAND- 
DENVER 


PLANT OF THE YEAR AWARD WINNER 1955 





leaders in the field of 
CONSTANT 

SPEED DRIVES, 
HYDROMECHANICAL 
TRANSMISSIONS AND 
HYDRAULIC PUMPS 


b developing equipment for Nuclear Power Plants 


Currently developing Reactor Pumps, Valves 
and Controls, Control Rod Drives, Fuel 


dependently operated prototype manufac- 
turing shop; laboratory and test facilities. 


Pumps, Fuel System Components and Turbine 
Drives... Sundstrand-Denver offers you the 
full benefits of its design and development 
engineering staff; completely equipped, in- 


Write for brochure or contact our applica- 
tions engineer for full information on our 
capabilities and manufacturing facilities 
available to you. 


SUNDSTRAND-DENVER 


DENVER, COLORADO 
A DIVISION OF SUNDSTRAND MACHINE TOOL COMPANY 


Interested monulacturers and 
engineers attending the Atomic Fair 
ore invited to contact 

our representative, Mr. St. John, 
Plaza Hotel in New York 

October 286.30 


PUMPING EQUIPMENT @ VALVES @® CONTROL ROD DRIVES 


Vol. 15, No. 10 - October, 1957 





HEAVY MINERALS CO. 


A Domestic Rare Earth Operation 
From Mine to Consumer 


HEAVY MINERALS CoO. is the only rare earth producer in 
the United States which owns and operates its own mines. 


Rare earth source materials—monazite and xenotime— 
are mined by HEAVY MINERALS and processed at HMC’ 
modern Chattanooga plant into mixed and individual rare 
earth chemicals and thorium. 


HEAVY MINERALS now has available rare earth oxide and 
salts, cerium-free rare earth oxide and salts, and didymium 
(classical) oxide and salts, as well as the individual rare earth 
chemicals listed at right. Perhaps one of these materials will 
fit the application you have in mind. 


Send for free informative booklet 





i~ 
~~ 


——“ 
nee, HEAVY MINERALS CO. 





RARE EARTH CHEMICALS - THORIUM + HEAVY MINERALS 


4000 NORTH HAWTHORNE, STREET, CHATTANOOGA, TENN. 
NEW YORK SALES OFFICE: 261 MADISON AVENUE, N. Y. 16, N. Y. 





Praseodymiun 
Praseo tymiu m 
Neodymium 
Neodymium Oxide 
Samarium 


Samarium Oxide 


Europium 


Gadolinium Ox 


Terbium 


Terbium Oxide 


Holmium a 
aa == 


Erbium 
Erbium Oxide 
Thulium 
Thulium Oxide 


Ytterbium 


Ytterbium Oxide Yb203 | 


Lutetium 


i utetium Oxide 


Thorium Oxide 


NOTES: (1) Index of Refraction — Cerium 2.33- 

2.35, Thorium 2.20 (Ig), (2) Dielectric Constant 
Cerium 7.0, Thorium 10.6, (3) Linear Elas- 

ticity Modulus — Lanthanum 3.820 Kg/mm? 
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4000 NORTH HAWTHORNE STREET + CHATTANOOGA, TENNESSEE 


PROPERTIES OF RARE EARTHS AND THORIUM 





Formula lone Normal =| AW. VAP. | AH. FUS. | Crystal 
wt Density | M.P.°% Radius Color | (Kcal/mole) | (Keal/mole) | Stu. 








r 45.10| 3.016 [1550-1600 73 38 |hep. 
| 138.20] 3.86 
[ 98.92] 4.472 | 1552 80 41 |hcp. 
| 225.84) 4.8-5.0) 2410 d Cubic 


| 138.92] 6.162 920 8] 2.4 | Hex 
.¢.¢. 


| 3258 | 651 | 2315 22 | White Hex 


| 140.13} 6.768 804 itl, IV : f. €. 6 
| 172.1 | 7.3 2600 : White Cubic 


| 140.92] 6.769 935 O17 | WN,IV)| Hex 
| 1021.5 . Black Cubic 


144.27| 7.007 Hl ; Hex 




















| 336.5 | 7.28 15 [Lt Blue Hex 
| 150.35] 7.540 | Or a 6 | Rhom 
348.7 | 7.43 13 | Off-White Cubic 


a 


152.0 | 5.168 (it), HH A b. c.¢.) 
352.0 | 7.42 ; White Cubic 


| 157.26} 7.868 th , h. c. p. 


| 362.5 | 7.407 11 | Yellowish Cubic 
Brown 


| 158.93 | 8.253 11, IV) } h. c. p. 
| 747.7 | ; Dk. Brown Cubic 
| 162.51] 8.556 |> 1 1 theo. 
| 373.0 | 7.81 07 | White Cubic 
| 164.94] 8.799 | 1500 TT 1 [hep. 
| 377.9 | 05 | Lt. Yellow Cubic 
167.27| 9.058 |1500-1550 1 }hep. 
| 3825 | 8.640 04 | Rose-red Cubic 
| 168.94 | a 1550-1600 4 |heop. 
| 385.9 Greenish Cubic 
White 
173.04| 6.959 824 (IH), Ut ; f. c. ¢. 
394.1 | 9.2 1.00 | White Cubic 

| 174.99] 9.849 [1650-1750 7 6 |hep. 
398.0 0.99 | White Cubic 
232.05 | 11.2 1845 | 4500 | IV f.c.c.| 225 | 75-80 VPN 18.6(20°C) 
264.12 | 10.03 3050 | 4400 1.80-1.82) White Cubic 
REFERENCES: (1) C. J. Gorter, Progress in Low Temp. Physics, North Holland Pub. Co., The above data have been compiled from the litera- 
Amsterdam, 2, 370-371 (1957), (2) Donald J. Hughes and John A. Harvey, Neutron Cross ture and are believed to be the most accurate available 


Sections, Brookhaven National Lab. (1955), (3) F. H. Spedding, A. H. Daane and K. W. Heavy Minerals Co. can assume no responsibility, how- 
Herrmann, J. Metals, 9, 895 (1957). For general bibliography see Reference No. 1. ever, for any errors in the data or the compilation 
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Nuclear Corporation 


The world’s first atomic fuel company 


Now that the energy of the atom | 


being successfully harnessed to com 


mercial uses, the world rapidly 


moving ahead to exploit this hugs 


source of power. Several nuclea! 


power plants are already producing 
electricity. Many more are being 
built the world over 

To supply the need of 


prowing 
these atomic power plants for any 
type of nuclear fuel, Sylvania Ele 
tric Products Inc. and Corning Gla 


Works jointly 
owned Sylvania-Corning Nuclea! 


have formed the 


Corporation. Through specialization 
in the design, fabrication and proc- 


58 


essing of nuclear fuels, the Corpora- 


tion’s alm is to provide complete and 
continuous service to all of the users 
of nuclear fuels 

Sylvania’s Atomic Energy Divi- 


ion brings to the new corporation 


more than eight years of experience 
in the design and fabrication of 
fuel fuel 


es. Corning Glass Works has 


atomic and recovery 
proce 
pioneered in the development of 
high-temperature ceramic nuclear 
fuel element 


The 
both companies 


nuclear energy activities of 
have become the 


Sylvania-Corning Nuclear Corpo- 


ration, the only company devoted 
exclusively to the development and 
upply of nuclear fuel 

The combined scientific, engineer- 
ing, and technical staff will be glad 
to help you solve any problems you 
may have in nuclear fuel application 

whether immediate or in the plan- 
ning stage. For more complete in- 
formation on this new organization, 
write to SYLVANIA-CORNING NUCLEAR 


CORPORATION, Bayside, N. Y. 


sy OR 


SYLVANIA— ' CORNING 


NUCLEAR CORP 
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NEW ZALLEA HyPTor TOROIDAL EXPANSION JOINT 


For unequalled endurance at pressure and temperature extremes 





HyPTor corrugations have a circular 
or toroidal cross section which pro- 
vides a lower operating stress at any 
given pressure than any other 


corrugation shape. 








This unique toroidal expansion joint with 
thin-walled bellows is setting new per 
formance and durability records in high 
pressure, high temperature service. It was 
developed to meet the severest operating 
conditions without sacrificing long life. 


Minimum stress at high pressures is one 
advantage of the Zallea HyPTor. This is 
due to the thin-walled bellows and toroidal 
corrugations, Thin walls develop lowest flex- 
ing stress. The toroidal cross section assures 


lower operating stress at any pressure. 


Superior performance at high temperatures. 
The toroidal corrugation of the HyPTor 
makes it suitable for use at high tempera- 
tures. Also, the HyPTor is hydraulically 
formed and free from circumferential 
welds which would act as stress raisers. 


J 


2 


i- 
+ 2s) 


s 


Longer life on the job. The ability of the 
HyPTor to absorb punishment without 
ill effects has been proved in service. A 
number of HyPTor Expansion Joints de 
signed for 700 psi working pressure, were 
installed in liquid oxygen service in 1948. 
They are still operating at pressures 
up to 2300 psi 


Get the complete story of the new Zallea 
HyPTor Expansion Joints. Our new 72 
page Expansion Joint Manual gives full 
details—plus worthwhile information on 
basic types, design and installation data, 
expansion joint selection and recom- 
mended specifications. Write on your 
Company letterhead, for your free copy 
of Catalog 56, Zallea Brothers, 890 Locust 
Street, Wilmington 99, Delaware. ‘ 


ted 


expansion joints 
Zallea Brothers, Wilmington 99, Delaware 


World's largest manufacturer of expansion joints. 





PEOPLE 


This division offers the atomic industry the teamwork of a 
wide variety of highly skilled personnel, including mechanical, 
metallurgical and welding engineers, fully qualified to assist 
in developing Classified and commercial projects. They are 
supported by expert inspectors and quality control people 
who insure close adherence to all specifications, 


Among the many products being turned out by this division 
are specially shaped control rod channels, assembly channels, 
and control rods; also reactor components produced from 
sheet, bar and plate in squares, hexagons, rectangles or 
rhombuses, all produced to very close tolerances. The Nuclear 
Products Division is currently serving many of the key 
manufacturers in the atomic energy field 


About the 


NUCLEAR PRODUCTS DIVISION OF 
SUPERIOR TUBE 


For design and construction of intricate reactor components of special types 


TOOLS 

Equipment includes a modern vacuum welding chamber; a 
variety of hydraulic presses ; facilities for atmosphere, vacuum 
furnace and salt-bath heat treating; swaging machines; high 
pressure-and-temperature autoclaves for corrosion testing; 
pickling and rinsing baths; milling, turning, shaping and 
planing machines; and modern final inspection equipment, 


SERVICES 

These include help in the design of reactor components; 
design and construction of intricate tools and fixtures to 
fabricate reactor components; development of manufacturing 
facilities after the prototype has been fabricated. Many 
materials are utilized, including the reactive metals—titanium, 
zirconium and their alloys. We also supply tubing for many 
atomic applications. 


For information on our Nuclear Products Division or tubing for atomic power, 


write Superior Tube Company, 2027 Germantown Ave., 


Norristown, Pa. 


woettir lle 


The big name in small tubing 
NORRISTOWN, PA. 


{i/ analyses 


1 


010 in, to % in. OD—certain analyses in light walls up to 2, in. OD 


West Coast: Pacific Tube Co., 5710 Smithway St., Los Angeles 22, Calif. » RAymond 3-133] 
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want to find out how torrents of radiation 
will affect your product and process? 
need radiographic or fluoroscopic 


inspection of your components, assemblies, 
welds, castings, forgings or what have you? 
We probably have just the machine to do the job 
for you. The Picker spread of equipment em- 
braces units spanning a radiographic range from 
10 KV x-rays (for paper-thin materials) to 3 MEV 


equivalent Cobalt 60 which can penetrate solid 
lead inches thick. 


looking for fine isotope instrumentation 
backed by a national service hookup? 


Look into Picker-built scalers, ratemeters, well counters, probes. 
These (all other Picker equipment, too) are sold and serviced by 
a far-flung network of service engineers with local warehouses 
and service depots at strategic points. There's probably a Picker 
District office near you (see your local ‘phone book). 


got any other radiation problem nagging you? 
Why not tell us about it? 
We'll be giad to help you if we can (chances are good) 


PICKER K RAY CORPORATION 
25 Seuvth Broadway, White Ploins, N.Y 


boils down to this... 


if it has to do with RADIATION 





it has to do with 





LOOK IN ON US WHILE YOU'RE AT THE ATOMFAIR IN NEW YORK (BOOTH *146 in the COLISEUM) 
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With versatile inco-Rod “A”, 
weldors produce strong, ductile 
joints in a wide variety of 
dissimilar alloys. In this test 
specimen, sound welds were pro 
duced between four different 
alloys and the Type 304 
Stainless Steel plate at center 


Nuclear engineering subjects equip- 
ment to an unusual variety of de 
mands. Different parts of the same 
unit may be called on to resist radia 
tion... heat... corrosion or other 
forms of attack. 

The job is likely to call for the 
use of several alloys and many 
welds between dissimilar alloys. 

Now an electrode has been de 
veloped to handle most such weld 
ing jobs. It is the new Inco-Rod “A” 
electrode. 

The 4-to-1 test specimen above 
demonstrates some of the varieties 
of dissimilar alloys you can weld 
with it. In this specimen, type 304 


.»ethe big plus in Inco-Rod “A” 
that permits welding joints 
between most dissimilar alloys 


Stainless Steel is joined to Types 
405, 316 and 347...and to Hastelloy 
B. There’s proof of versatility! 

Fact is . better than 90% of 
most dissimilar alloy combinations 

. Involving ferritic and austenitic 
stainless steels, low alloy steels, mild 
steels, high nickel alloys and other 
alloys can be handled with this one 
electrode. 

With Inco-Rod “A”, weldors can 
produce strong, sound, ductile joints, 
without need for special equipment 
or training. 

Welds are strong and ductile... 
of X-ray quality. Corrosion resis- 
tance in many media usually equals 


iN , 
AINCO, Welding Products 


electrodes, wires, fluxes 
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or exceeds that of the base metal. 
And operability is excellent in any 
position... spray type arc... easy 


slag removal. 


Do you need to join 
dissimilar metals? 


Ask for our useful folder on Inco- 
Rod “A”, It covers test data on 23 
different alloy combinations. For 
help on a current welding problem, 

Inco’s Technical Service 
Section. *Registere ademark 


contact 


The INTERNATIONAL NICKEL COMPANY, Inc. 
67 Wall Street New York 5, N. Y. 
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Nuclear 
Week 
in New 
York 


The New York Coliseum, scene of Atom Fair 
57, is the hub of Nuclear Week in New York 
Oct. 28—Nov. 1. In addition to Atom 
Fair, the Trade Fair of the Atomic Industry, 
there are scheduled separate three-day meet- 
ngs sponsored by the Atomic Industrial 
Forum and American Nuclear Society, a one- 
day Symposium on Reactor Safety sponsored 
by AIF, ANS and AEC and the two-day 
Fourth Annual Meeting of the Professional 
Group on Nuclear Science of the Institute of 
Radio Engineers (see meeting digest, p. 6). 
The Atom Fair, with approximately 130 ex- 
hibitors listed in this official directory, pro- 
an opportunity to view .at first hand 
latest in products and services for the 
nuclear field. The map on page 9 is your 
guide to exhibit locations. 


gepeeert 
eegeee 
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Atom Fair Schedule 


fldmission by complimentary ticket only, 
available from the Atomic Industrial Forum 
or exhibitor Tickets will also be available to 
industry representatives at the Atom Fair 
registration desks, south lobby, New York 
Coliseum, during show hours upon presenta 


tion of appropriate business credentials 


Monday, Oct. 28—12 noon to 8 p.m 
Tuesday, Oct. 29——-12 noon to 10 p.m 
Wednesday, Oct. 30—12 noon to 8 p.m 
Thursday, Oct. 31—10 a.m. to 8 p.m 


16-Page Atom Fair Directory > 





ACF INDUSTRIES, INC. 
Nuclear Products-Erco Division 
508 Kennedy Street, N.W 
Washington II, D. ¢ 


ACF Industries, Inc. offers complete engineering design, 
equipment manufacture construction and installation sv 
pervision, preoperational testing and start-up for research, 
materials testing, training and power reactors Presently 
ACF has under design or construction materials testing 
and research reactors with a combined output of over 
100,000 kw In addition, ACF is prepared to provide 
boiling and pressurized water reactors for power and 


process steam generation 


ACOUSTICA ASSOCIATES, INC. 


Shore Road 


229, 230 


Glenwood Landing, | New York 


Display features several ultrasonic developments including 
a liquid level sensor used as a high-level alarm and a 
highly accurate indicator of discrete fuel level suited for 
automatic control of filling and voiding; the DR-50-AH 
portable ultrasonic cleaning unit designed for rapid, thor 
ough production cleaning, decontamination and degreas 
ing of intricate parts 
AEROPROJECTS, INC. 115, 116 
310 Rosedale Avenue 

West Chester, Pennsylvania 


Ultrasonics applied to metallurgical and chemical processes 
of interest to the atomic industry; ultrasonic welding—a 
nonfusion welding technique for joining similar and dis 
similar metals; fine particle technology 


ALCO PRODUCTS, INC 121, 122 


Schenectady, New York 


Power reactor systems from engineering through construc 
tion; nuclear generating components including Alco's con 
trol-rod drive mechanism now in operation in Army 
Package Power Reactor, and pressurizers, reactor vessels 
condensers and heat exchangers Critical experiments per 


formed under contract at critical facility in Schenectady 


ALLIS-CHALMERS 236, 237 


MANUFACTURING CO 


Box 512 
Milwaukee |, Wisconsin 


The company's Nuclear Power Division undertakes major 
nuclear power plant projects and supplies reactors and 
components In addition, Allis-Chalmers supplies associ 
ated equipment such as canned rotor and electromagneti« 
pumps for nuclear and special applications, centrifugal 
pumps steam and gas turbines, compressors, heat ex 
changers and condensers, water-conditioning equipment, 
generators and motors, transformers, switchgear, regula 
tors, electrical control and processing machinery 


AMERICAN ASSOCIATION FOR THE 311 
ADVANCEMENT OF SCIENCE 


1515 Massachusetts Avenue, N.W 
Washinaton 5, D. ¢ 


Collection of lead articles from official A.A.A.S. publica 


tion, Science, the weekly magazine of research The arti 


2 


cles will be those which deal with some phase of nuclear 
science and atomic energy A.A.A.S. symposium volumes 
dealing with various fields of science are also displayed, 
as are A.A.A.S. membership blanks for prospective mem 


bers 


AMERICAN INSTITUTE OF PHYSICS 285 
335 East 45 Street 
New York 17, New York 


Exhibiting fourteen Institute publications including new 
Russian physics translations and other technical books in 
the nuclear field 


AMERICAN NUCLEAR SOCIETY 129 
P. O. Box 963 
Oak Ridge, Tennessee 


World-wide society for the nuclear engineer and scientist; 
publisher of Nuclear Science and Engineering, a bimonthly 
technical review; W. W. Grigorieff, Executive Secretary 


175, 176 
193, 194 


AMERICAN-STANDARD 


Atomic Energy Division 
1682 Broadway 
Redwood City, California 


Design and construction of training and research reactors 
Design and construction of nuclear power reactors Manu 
facturer of specialized reactor components Engineering 
and development services in all phases of the nuclear 


energy field 


AMF ATOMICS 165-168 


261 Madison Avenve 
New York 16, New York 


The world’s leading producer of research reactors with 
thirteen separate projects now in various stages of con 
struction, AMF Atomics products and services run the 
gamut of the nuclear field——power reactors for land and 
sea, research reactors, remote handling equipment, fuel, 


elements, and design and engineering services 


ANTON ELECTRONIC 336 
LABORATORIES, INC. 


1226 Flushing Avenue 
Brooklyn 37, New York 


Compensated ionization chambers; alpha-beta, gemma 
and neutron counters; corona-discharge voltage-regulator 
tubes; moving and stationary-filter-paper air-particle 
monitors; hand and foot counters; portable radon-gas de 
tectors; complete nuclear instrumentation and systems; 
miniature electronic and nucleonic connectors; single and 
multiturn precision potentiometers; 270-degree ribbon sus 
pension meters; thermal time delay relays; and specially 
designed electromechanical devices 


ARGONNE NATIONAL LABORATORY 104, 105 
P. O. Box 299 
Lemont, Illinois 


Argonne National Laboratory is the nation’s senior atomic 
energy laboratory and is operated by the University of 
Chicago under contract with the U. S. Atomic Energy Com 
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mission In addition to its broad program of basic re 
search activities, it serves as the principal center for the 
design and development of nuclear reactors. 


ASSOCIATION TECHNIQUE POUR LA PRODUC- 
TION ET L'UTILISATION DE L’ENERGIE NU- 
CLEAIRE (ATEN) 183 


4 Rue de Teheran 
Paris 8. France 


Nonprofit membership organization, includes most 
French ompanies concerned with atomic energy. It 
encourages developing peaceful uses of atomic energy; 
holds meetings and conferences on technical and economic 
problems; and cooperates with other French and foreign 
organizations disseminating information 


ASTRA, INC. 331 
P. ©. Box 163 
Milford, Connecticut 


ASTRA provides expert professional services to industrial, 
governmental, and educational organizations in the fields 
of nuclear technology, radiation chemistry and physics en 
jineering Services include general advice and guidance, 
economic surveys and studies, nuclear facilities planning, 
reactor specifications and design, reactor safeguards eval- 
yations and hazards reports 


ATOM INDUSTRY 161 
132—134 Fleet Street 
London E. C. 4, England 


Atom Industry is the first newspaper for the international 
atomic industry and was established in 1955 lt has a 
world-wide distribution in over 80 countries Display fea 
tures details of world-wide circulation, important headlines 
over the past two years and an important new service to 
the nuclear field coming in 1958 North American office 
400 Madison Avenue, New York 17, New York 


ATOMIC DEVELOPMENT MUTUAL 147 
FUND, INC. 
1033 30th Street, N.W 


Washinaton 7, D. C 


Aton Development Mutual Fund offers shares of a di 
versified, managed investment company which has more 
than 8.0 holdings of stocks selected from among those of 
ompanies active in the atomic field with the objective of 
jrowth in principal and income 


ATOMIC ENERGY OF CANADA LTD. 254, 255 


Commercial Products Division 
P. ©. Box 93 


Ottawa, Ontario, Canada 


Products and services: kilocurie cobalt-60 sources, research 
und production-type gamma irradiation facilities, radiog 
raphy equipment and sources (cobalt-60, iridium-192, 
‘ neutron sources (polonium:beryllium, ra 
antimony :beryllium, radium-D: beryllium), 
reactor-produced radioisotopes, neutron and gamma ir 
adiation services, teletherapy equipment and sovurces. 


ATOMIC INDUSTRIAL FORUM, INC. 295, 296 
317, 318 


3 East 54 Street 
New York 22, New York 


Published as a Service to Atomic Industry by NUCLEONICS 


Association of more than 500 organizations in the U. § 
and 25 other countries involved in peacetime development 
of atomic energy. Display features: preprints of AIF con 
ference papers; other Forum publications also available 
for direct sale or order; plus information on Forum mem 
bership for domestic and overseas organizations, com 
mittee activities, monthly news periodical (the Forum 
Memo), services for members; and information on future 
conferences and exhibits. 


ATOMICS INTERNATIONAL 


(see North American Aviation, Inc.) 


233, 234 
263, 264 


THE BABCOCK & WILCOX CO. 249-251 


161 East 42 Street 
New York 17, New York 


Designs and builds research and experimental reactors 
complete nuclear steam-generating plants for propulsion 
production of electricity, and the processing industries 
Designs and fabricates pressure vessels, heat exchangers, 
pressurizers, tubing and other components for nuclear ap 
plications; manufactures Hi-U nuclear fuel elements for 
both domestic and foreign market. Financed, built and 
operated first privately owned fvel-element plant and 
critical-experiment facilities 


BAIRD-ATOMIC, INC. 307 


33 University Rood 
Cambridge 38, Massachusetts 


Manufacturers of radioactivity detection and analytical in 
struments for application in medical and biological investi 
gations, industrial research and control, etc Complete 
laboratory systems and individual components 


BAKER & CO. 


(see Engelhard Industries) 


BATTELLE MEMORIAL INSTITUTE 238 
505 King Avenue 
Columbus |, Ohio 


299, 300 


Facilities, equipment and technical manpower for research 
and development in all fields of science Actively engaged 
in atomic energy research since 1942 Facilities include 
research reactor producing fast and thermal neutrons ond 
gamma flux, critical-assembly laboratory, hot cell, fuel 
element and reactor-materials development laboratories 


BELL AIRCRAFT CORP. 128 
Nucleonics Department 

P.O. Box | 

Buffalo 5, New York 


A reactor with design innovations for economical genera 
tion of process steam for the chemical and paper indus 
tries, hydraulic control mechanism for pressurized water 
reactors and a training and research reactor Develop 
ment of materials and mechanical, electrical, electronic 
and hydraulic systems; nuclear engineering services 


THE BERYLLIUM CORP. 196, 197 
P. O. Box 1462 
Reading, Pennsylvania 


Commercial and nuclear-grade beryllium oxide powder, 
beryllium oxide crucibles, beryllium oxide crucible wash 
(slurry), hot-pressed nuclear-grade beryllium oxide moa 


3 





chined shapes, commercial and nuclear grade beryllium 
metal beads, nuclear-grade berylliium-metal powder, nu 


clear-grade beryllium-metal machined shapes 


BLAW-KNOX CO 309 
300 Sixth Street 
Pittsburgh 22, Pennsylvania 


Complete engineering services to the atomic industry 


S. BLICKMAN, INC 


536 Gregory Avenue 
Weehawken, New Jersey 


For safe handling of radioisotopes and radioactive mate 
rials a s!| as other hazardous substances, Blickman dis 
plays r dry box and a low intensity dry box, a 
waste cor ' aboratory tables, stools, etc All in en 


durina eas maintain staintess steel 


BORG-WARNER CORP 107, 108 
310 South Michigan Avenue 113, 125 


Chicago, Illinois 


Byron Jackson Division 113 
2301 East Vernon Avenue 
Los Angeles 54, California 


Pump for all nuclear applications including me 
chanically sealed, gas-filled motor, and oil-filled motor 
liquid pump to 600 F High-pressure, high 
temperature vertica mechanically sealed reactor cir 
jlating pumps, all size Liner motor pumps, 4 hp to 


500 hp, pressure to 5,100 ps 


Marvel-Schebler Products Division 107, 108, 
Decatur, IIlino 125 


Control-rod drive me m for power reactors Com 
plete remote-handlir ystems of master-slave servo 


ontrolled type 


BROOKHAVEN INDUSTRIAL & ADVISORY 329 
BOARD 


P.O. Box 


Patchoaue, New York 


Brookhaver Township which Brookhaven National 
Laboratory tuated deaily suited to research facili 


fies 


BRUSH BERYLLIUM CO 212 
4301 Perkins Avenue 


Cleveland 3 bhio 


Beryllium machine shape beryllium oxide, and beryllium 


oxide products 


THE BUDD CO. 


(see Nuclear Systems) 


283, 284 


THE BUREAU OF NATIONAL 126 
AFFAIRS, INC 

1231 24th Street, N.W 

Washington 7, D. ¢ 


Atomic Industry Reporter——a weekly, looseleaf information 


service of irrent interest and permanent reference valve 


4 


Covers in detail atomic industry developments, atomic in 
dustry laws and regulations, and atomic industry tech 
nology Three loose-leaf storage binders are provided 
Special documentary research service is maintained for 


subscribers 


BYRON JACKSON PUMPS, INC. 113 


(see Borg-Warner Corporation) 


THE CARBORUNDUM METALS CO 222, 223 
Div. of The Carborundum Co 
Akror New York 


A display showing the first zirconium parts heat ex 
changer, thermowell, valve and reaction tank ever manu 
factured. Also a Zircalloy II ingot weighing 1,000 pounds 
and a wnique animated display of zirconium'’s corrosion 
resistance in boiling hydrochloric acid as compared with 


other we known corrosion resistant metals 


CENTRAL RESEARCH LABORATORIES, INC. 
184, 185 


Red Wing, Minnesota 


Complete operating pairs of Model 7 and Model & 
master-siave manipulators will be shown Display fea 
tures latest improvements such as siave-end lateral 
rotation and semiautomatic control of angular separa 
tion ndexing Accessories ncluding special-purpose 
interchangeable tongs, load hooks, and motion locks 


CHEMICAL FUND, INC. 164 


65 Broadway 
New York, New York 


Chemical Fund, Inc. is a mutual fund founded in 1938 by 
F. Eberstadt & Co. to provide investors with a method of 
participating in a wide range of companies whose growth 
is based on the creative science of chemistry Chemical 
science plays an active role in the development of com 
mercial uses for atomic energy Over 70% of Chemical 


Fund's portfolio is in companies active in atomic energy 


THE CHRONICLE OF UNITED NATIONS 173 
ACTIVITIES 

234 West 26 Street 

New York |, New York 


Serves as the clearing house for technical, economic, and 
scientific research published by international, intergovern 
mental, and governmental agencies The Chronicle makes 
available, on a subscription basis, the atomic research 
studies of the UN, IAEA, CERN, etc., not readily obtain 
able through ordinary channels These studies, published 
on microcard assure subscribers an automatic and com 


plete flow of international atomic energy information 


CLEVELAND HARD FACING, INC. 277 
3047 Stillson Avenue 

Cleveland 5, Ohio 

Welded hard facing overlays on sleeves, shafts, bearings, 
wear rings and seals for wear, corrosion and heat resist 


ant surfaces 


COLUMBIA-NATIONAL CORP. 
70 Memorial Drive 
Cambridge 42, Massachusetts 


267, 268 
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Producers of reactor- and commercial-grade zirconium CRANE CO. 227, 228 

metal sponge and zirconium chemicals. Exhibit includes 836 So. Michigan Atenve 

sponge, pressed consumable electrode, ingot, mill products Chicago, 

and fabricated fuel elements, technical information on 

properties es and fabrication of zirconium and its Valves for radioactive and other services associated with 

alloys nuclear piping installations. Also, fittings and fabricated 
piping for similar services Range of these products covers 


THE COMBINED BOOK 323-326 carbon steel and many alloy materials together with spe 
EXHIBIT, INC cialized engineering and testing facilities 


950 University Avenue 

aed naengePhociny sell CRAWFORD FITTING CO. 302, 303 
884 E. 140th Street 

Display of technical books and journals on atomic energy Cleveland 10, Ohio 


Ilinois 


und books of related technical interest from the lists of 
Swoagelok tube fittings, Swagelok danger signal bull plugs, 


Swagelok to socket weld fittings, o seal adapters, o seal 
male connectors, Goop thread lubricants (antiseize com 
pound) for prevention of galling of threaded parts, quick 
connects Swagelok fittings are available in all machin 


some 50 publishers, arranged by subject categories and 
pported by oa printed bibliography that is distributed 


free at the exhibit 


COMBUSTION ENGINEERING, INC. 204, 205 


d Madison Avenue 


ea See oe CROSSROADS MARINE DISPOSAL CORP. 145 


Displays, models and material samples pertaining to nu 26 1 Wharf 


able metals or plastics 


lear work and facilities Company's work in nuclear field Boston 10, Massachusetts 


sde development, design and manufacture of com- 
Crossroads Marine Disposal Corp. maintains complete sea 


ear reactor systems, cores, heavy components 
disposal service for all types of radioactive waste and 


yenerators etc 
any other dangerous materials for the entire United 


States Crossroads furnishes a pick-up service when re 


CONSOLIDATED EDISON CO. 206 
OF NEW YORK, INC. 
wlece CURTISS-WRIGHT CORP. 275, 276 


Ne York 
_— 304 Valley Boulevard 
Wood-Ridge, New Jersey 


quested anywhere east of the Mississippi 


kw electric generating station under construc 
an Point Contracts awarded for major com 


Nuclear recctors, reactor components, technical services 
Progress at the site Plant financed entirely by P 


reactor time, reactor controls, electronic components, re 


ing Ne York City with electricit as 
pote a " y 9 actor materials, extruded pipe 


CONSULTANTS BUREAU, INC. 304 DAYSTROM NUCLEAR DIVISION 224, 225 
P. O. Box 347 
West Coldwell, New Jersey 


227 West ‘th Street 


New York New York 


Daystrom Nuclear is a research and development organiza 


by scientists of current Russian research, such 
tion that will also design and build to specification items 


; ° ; Soviet Journal of Atomic Energy, Applied 
Physics Sections, Proceedings Academy Sciences USSR; jour 
nt Physics of Fission (supp) . Atomic 

Statistical Theory of Phase Transitions” 

Quantum Electrodynamics’ (Akhiezer and 
symposio——Problems of Metallography and 


Metals; original publications—a comprehensive THE EDLOW LEAD CO. 239 


h Physics Dictionary. Custom transiation is 729 Bank Street 
an 


Columbus 16, Ohio 


varying in size and complexity from a complete reactor 
system to a small instrument The division stocks as 
standard items a variety of reactor control systems and 
nuclear detecting and recording instrumentation 


COOPER ALLOY CORP. 226 Specialists in lead casting for the nuclear trades Manu 


facturers of Edlow disposal containers for radioactive 
waste; isotope shipping casks; lead shipping casks for ir 
radiated fuel elements; lead bricks; lead shielding De 
signers of lead containers for the transportation of radio 


Bloy Street & Ramsey Avenue 


de New Jersey 


valves, fittings and castings designed for 


ations active materials 


CORNING GLASS WORKS 181, 182 ENCYCLOPAEDIA BRITANNICA 151 


New York 425 No. Michigan Avenue 


Chicago 11, Illinois 
radiation-shielding windows for the protection of 
n ‘hot’ lobs——Pyrex-brand glass piping and sink New 1957 Edition of Encyclopaedia Britannica This lead 
raps for the safe handling of corrosive liquids ing reference work with its almost 200 year history has 
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1 “The 1957 Nuclear Industry—Problems and Progress”’ 
fourth annual conference of the Atomic Industrial Forum, 
Oct. 28-30, 1957, Plaza Hotel and New York Coliseum 


Monday morning, Oct. 28 
RESEARCH AND TEST REACTOR PROGRESS 


Description of new research and test facilities and re 
lated equipment 
URANIUM PRODUCTION 
Covering vranium reserves and production in Australia, 
Belgian Congo, Canada, South Africa and VU. § 
RADIATION APPLICATIONS 
Discussior on design and utilization of radiation fa 


cilities 


APPRAISAL OF THE ATOMIC INDUSTRY 


Based on second edition of AIF ‘‘Growth Survey of the 
Atomic Industry ncluding analysis and industrial 
commentary on projected capital equipment and fuel 
requirements in U. S. and Western Europe 


Keynote luncheon 


Addre will be presented by Charles H. Weaver, vice 


president, Westinghouse Electric Corp 
Monday afternoon, Oct. 28 


U. S$. POWER REACTOR EXPERIENCES 


Covering all power and power-prototypes reactors cur 
rently in operation in U. § 


SPENT FUEL REPROCESSING 


Discussion of AEC plans, reactor operator requirements, 
reactor design considerations and commercial reproc 
essing problems 

Including discussions of nuclear instrumentation needs 
of radioisotope users and their experience with com 
mercially available instruments and measurement 
Discussion of factors governing availability of capital 
to finance atomic power projects in U. S. and abroad 


Tuesday morning, Oct. 29 


U. S. POWER REACTOR PROGRAM IN 
REVIEW 
Brief status reports on all power reactor construction 
projects underway or planned in U. S$ 
REACTOR FUEL MANUFACTURE 


Experts on experiences and problems relating to the 
commercial manufacture of reactor fuels 


PROGRESS IN NUCLEAR STANDARDIZATION 


c 


Covering VU 5. and international standards programs, 
general and administrative standards, radiation pro 
tection standards and waste disposal 

Discussion of recent legislative and regulatory actions 


affecting the atomic industry 


Tuesday afternoon, Oct. 29 


ATOMIC ACTIVITIES OUTSIDE THE VU. S.—! 


Roundup of major nuclear programs abroad, notably 
Evratom and OEEC countries and Japan 

REACTOR COMPONENT MANUFACTURE 
Reviewing representative experience of reactor builders 
and component and control system manufacturers in 
meeting reactor design specifications and schedules 

ECONOMIC INCENTIVES 
Discussion on how the obstacle imposed by current lack 
of economic incentive can be overcome in interest of 
more atomic energy developments, including analyses 
of contractual and financial aspects of industry-govern 
ment reiations 

INFORMATION AND TRAINING 
Cove ng training programs, manpower requirements 


and international personnel exchange programs 


Tuesday evening 
All-conference reception and banquet at Waldorf 
Astoria Hotel will feature addresses by Sir Edwin 
Plowden hairman, U. K. Atomic Energy Avthority, 


and Lewis L. Strauss, chairman, U. S. AEC 


Wednesday morning, Oct. 30 
POWER REACTOR CONSTRUCTION 


Analysis of major factors currently governing reactor 
development and construction: technology, administra 
tion, costs and availability of supplies and services 
ATOMIC ACTIVITIES OUTSIDE THE U. S.—l 
Continuation of roundup of major nuclear programs 
abroad, notably Euratom, OEEC Countries and Japan 
MARKETING 
Discussion of problems and methods in marketing 
atomic equipment and services in U. S. and abrood 
NUCLEAR INSURANCE PROTECTION 
New developments relating to insurance coverage, in 
clude plans for implementation of Price-Anderson In 
demnification Act 


Wednesday luncheon 


Address will be delivered by Carl T. Durham, chair 


man, Joint Congressional Committee on Atomic Energy 


Wednesday afternoon, Oct. 30 


ADVANCED REACTOR CONCEPTS 


Description of reactor experiments which may lead to 
new prototype and nuclear power units. 


ADDITIONAL PAPERS 
MEETING FOR FORUM MEMBERS 


Atom Fair Directory 





2nd Winter Meeting American Nuclear Society 
Oct. 28-30, 1957, Henry Hudson Hotel, New York 


Monday, Oct. 28, 9:00 a.m. 3:00 p.m. 


REACTOR THEORY | EXPERIMENTAL REACTOR PHYSICS li—NU- 


CRITICAL AND EXPONENTIAL EXPERIMENTS | CLEAR EXPERIMENTS AND FACILITIES 
REACTOR ENGINEERING | REACTOR KINETICS Il 
CHEMISTRY AND FUEL PROCESSING REACTOR CONCEPTS AND EVALUATIONS |! 


2:00 p.m Wednesday, Oct. 30, 9:00 a.m. 


REACTOR KINETICS | AND FUSION SYMPOSIUM ON REACTOR CONTROL MA- 


ARMY PACKAGE POWER REACTOR TERIALS—PART | 
EXPERIMENTAL REACTOR PHYSICS REACTOR THEORY iil 


METALLURGY AND FUEL ELEMENTS REACTOR ENGINEERING I! 
EXPERIMENTAL TECHNIQUES 


Tuesday, Oct. 29, 9:00 a.m. 
Wednesday, Oct. 30, 2:00 p.m. 


RADIATION EFFECTS ON GRAPHITE 
REACTOR THEORY Ii SYMPOSIUM ON REACTOR CONTROL MA- 
CRITICAL, EXPONENTIAL EXPERIMENTS I! TERIALS— (continued) AND SOLID STATE 
REACTOR SAFETY AND HEALTH PHYSICS THEORY 
REACTOR THEORY IV 
Tuesday, Oct. 29, 2:00 p.m. Special session: REACTOR CONCEPTS AND EVALUATIONS I! 
Problems in Industrial Nuclear Safety HEAT TRANSFER AND SHIELDING 


3 IRE NUCLEAR GROUP MEETS 


Institute of Radio Engineer's Professional Group on Nu 
clear Science is holding its fourth annual meeting, Oct. 31 
and Nov. |, 1957 in the Henry Hudson Hotel Four non 
interfering sessions on radiation detectors, transistorizing 
nuclear instrumentation, control instrumentation; and re 
actor process instrumentation and radiation damage Lyle 
W. Smith of Brookhaven National Laboratory will speak 
on “Giant Accelerators——East and West" at a luncheon 
Friday, Nov. | at 12:30 p.m. in Tudor Room of the 
Henry Hudson 


4 REACTOR SAFETY CONFERENCE... 


AIF, ANS and AEC are jointly sponsoring an unclassified 
conference on reactor safety in the Coliseum on Oct. 31 
There is no registration fee for this one-day session 
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ACF Industrie lr 

Acoustica Associate 

Aeroproject Ir 

Alco Product inc 

Allis-Chalmers Mfa. Co 

American Assn. for Advancement of Science 
American Ir ste of Phy 

American Nuclear Society 

American-Standard 175, 176, 
AMF Atomix In 

Anton f£ 


Argonne National Laboratory 


ronic Laboratori« 


111, 112 
229, 230 
115, 116 
121, 122 
236, 237 
311 
285 
129 
193, 194 
165-168 
336 
104, 105 


Association Technique pour » Production |'Utilisation 


de l'Energie Nucleaire 
ASTRA, Ir 
Atom tind try 
Atom Development Mut 
Atomic Ener of Canada 
Atom Ind al Forun 
Babcock and W 
Baird-Atom In 
Boker & Ce« 
Battelle Men 
Bell Ajr 
Berylliua 
Blaw-Knox 
5S. Blickmar 
Brookhave 
Brush Bery 
Bureauv of National f Ine 
Warner) 


295, 296, 


ory Board 


Byron Jackson Div 
Carborundum Metals ¢ 
Central Research Laboratori« 
Chemical Fund, Ine 
Chronicle of United Natio 
Cleveland Hard Facing, Ir 
Columbia-National Cors 
Combined Book Exhibit, tr 
Combustion Enaineerir 
Consolidated Edison C« 
Consultant B 

Cooper Alle 

Corning 

Crane Ce 

Crawford 

Crossroad 

Curtis W ric 

Daystrom WN 

Edlow lead Ce 
Encyclopaedia Britanr 
Energy Fund, Ir 
Engelhard Industrie 
Florida Development Comr 
Ford Instrument Co 

Foster Wheeler Corp 
General Atomic (division of General Dynamics) 
General Electric Co 

General Mills, Ine (Mechanical Division) 
Hamner Electronics Co 

High Voltage Engineering Corp 

Hild Floor Machine Co., Ine 


331 
161 
147 
254, 255 
317, 318 
249-251 
307 
299, 300 
238 
128 
196, 197 
309 
207 
329 
212 
126 
113 
222, 223 
1864, 185 
164 
173 
277 


239 
151 
235 
299, 300 
143, 144 
208, 209 
190, 191 
271, 274 
169-170 
201, 202 
314 
168, 189 
328 


Hoke, In 

Holmes & Narver, Inc 214 
imperial Chemical Industries Lid 174 
Intrusion-Prepakt, Inc 155 
Keithley Instruments, Inc 231 
O. G. Kelley & Co 220, 221 
Walter Kidde Nuclear Laboratories, Inc 203 
Knapp Mills, Inc 280 
Kollmorgen Optical Corp 127 
Ladish Co 278, 279 
P. M Lennard Co., Inc 152 
Linde Co 156-160 
Lindsay Chemical Co 114 
D. E Makepeace Co 299, 300 
Mallinckrodt Chemical Works 119, 120 
Martin Co 252, 253 
Marvel-Schebler Prods. Div. (Borg. Warner) 107, 108, 125 
Massachusetts Department of Commerce 195 
Metalab Equipment Co 162 
265, 266 
National Bureau of Standards Dept. of Commerce) 
137-—140 
156-160 
299, 300 
217, 218 
210, 211 
New Hermes Engraving Machine Corp 192 


Metals & Controls Corp 


Notiona irbon Co 
Notional Electric Instrument Co 
National Lead Co 


National Spectrographic Laboratories, Inc 


New York State Department of Commerce 287 
233, 234, 
263, 264 
Nuclear Corp. of America 299, 300 
Nuclear Development Corp. of America 141, 142 
Nuclear-Electronics Corp 334 
Nuclear Measurements Corp 313 
Nuclear Systems A Div. of the Budd Co 283, 284 
Nucleonic Corp. of America 327 
Nucleon 219 
290, 291 
Office of Tect Services (Dept. of Commerce) 137~—140 
Pacific Coast Engineering Co 106 
Penfield Mfa. Co 186 
Pennsylvania Department of Commerce 262 
Pergamon Press 148, 149 
Picker X-Ray Corp 146 
Potter Aeronautical Corp 

Quartermaster Food & Container Institute 


North American Aviation, Inc. (Atomics Int'l) 


Oak Ridge National Laboratory 


Radiation Applications, In 
Radiation Counter Laboratories, In 
Radiation Instrument Development Laboratories 
Readex Microprint Corp 
Remington Rand 

Republic Steel Corp 

Scientific Americar Inc 

Shell Oil Co 

Sumner Sollitt 

Superior Steel Corp 
Sylvania—Corning Nuclear Corp 
Technical Associates 

Technical Measurement Corp 
Thermal Refractories Corp 
Tracerlab, In 


Atom Fair Directory 





269, 270 United States Steel Corp 123, 124 

»» Carbide Nuclear Co 156-160 Universal Transistor Products Corp 183 
ted Shoe Machinery Corp 242, 243 D. Van Nostrand Co., Inc 163 
Atomic Energy Commission 288, 289 Victoreen Instrument Co 286 
industrial Chemicals Co. (Mallory-Sharon) 117, 118 Vitro Corp. of America 240, 241 
Department of Commerce 137-140 Wah Chang Corp 215, 216 
ed States Radium Corp 177 Westinghouse Electric Corp 244-248 
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been completely revised in an intensive effort of the last 
13 years, representing an investment of over $5,000,000 
ilustrated in color, it contains 38,042,000 words, 23,494 


& 


illustrations, by 5,565 contributors from 75 countries 


easily handled through 539,138 index references 


ENERGY FUND, INC 235 


115 Broadway 


New York, New York 


Eneray Fund a mutual fund seeking capital growth 
through the inevitable expansion of world demand for 
power and eneray A single common stock certificate 
gives you a professionally-managed investment program 
with diversified holdings in energy industries and com 
panies electric, oil, gas, hydro, nuclear, fusion, solar 
and the ke Energy Fund shares are sold at net asset 


value no sales charge of any kind 


ENGELHARD INDUSTRIES 299, 300 


113 Astor Street 
Newark 2, New Jersey 


Baker & Co., Inc 


Nework 2, New Jersey 


Precio metal, platinum gauze, wire, sheets, tubing 
laboratory ware, contacts, palladium and alloys, and 
gold of various carat gas furnaces, electric furnaces 
instrument Deoxo purifier Nitroneal generator 


super-sensitive indicator 


D. E. Makepeace Co 


Attleboro, Massachusetts 


Uranium alloy fuel fillers including uranium aluminum 
jranium niobium vranium zirconium and uranium 
oxide stainless-steel Also, fabricated aluminum, zir 


conium and stainies tee! clad fuel elements 


National Electric Instrument Co., Inc. 
927.21 Corona Avenue 
Eimbhurst 73. New York 


Borescopes illuminated telescopic instruments for in 


ternal inspection of inaccessible areas 


Nuclear Corp. of America, Inc. 
400 Park Avenue 
New York 17. New York 


Radiation detection equipment, radioactive compound 
and chemicals, radio-pharmaceutical consulting serv 
ices, rare earth chemicals and metals, process control 


is? ments 


FLORIDA DEVELOPMENT COMMISSION, 
143, 144 


Caldwell Building 


Tallahassee, Florida 


Industrial Florida, where nuclear industry thrives has the 
answer for nearly every nuclear project Skilled man 
power nuclear raw materials favorable taxes; nuclear 
markets ample power and water; excellent transporta 
tion; educational and cultural advantages; Florida living 


Climatic conditions tailored to your atomic enterprise 


10 


FORD INSTRUMENT CO. 
Division of Sperry Rand Corp 

31~—10 Thomsen Avenve 

Long Island City 1, New York 


208, 209 


Exhibit features rod-position indicator as well as a model 
of the closed-cycle gas-cooled reactor used for land base 
and shipborne power The exhibit is highlighted by two 
projector cameras that will depict the companys capa 


bilities and activities within the nuclear field 


FOSTER WHEELER CORP. 


165 Broadway 
New York 6, New York 


190, 191 


Foster Wheeler's exhibit consists of cutaway drawings and 
photographs of reactor vessels, steam generators, pres 
surizers and seporately-fired superheaters for principal 
nuclear power plants and VU. S. Novy vessels 


GENERAL ATOMIC 271-274 
Division of General Dynamics Corp 

P. O. Box 608 

Son Diego 12, California 


Carries ovt research, development, design and production 
in the field of nuclear energy Projects based upon both 
fission and fusion reactions are underway Now avail 
able are new research and isotope-production reactors 
which incorporate special features with inherent safety 
Power reactors, utilizing new fuel and structural materials 


and new design concepts, are now under development 


GENERAL ELECTRIC CO. 169-171 
Atomic Power Equipment Dept 198-200 


San Jose, California 


Displays of power reactors; Vallecitos Atomic Loboratory 
facilities including developmental boiling water reactor 
and new General Electric Test Reactor. Samples of rod 
type and plate-type fuel elements, sodium pumping sys 
tems ontro!l drives, and control and instrumentation 


equipment 


GENERAL MILLS, INC. 
Mechanical Division 

1620 Central Avenue 
Minneapolis, Minnesota 


201, 202 


The General Mills mechanical arm in several models, plus 


related equipment for remotely controlled handling 


HAMNER ELECTRONICS CO., INC. 314 
P. O. Box 531 


Princeton, New Jersey 


Two gamma-ray scintillation spectrometers are exhibited 
The manvally-operated spectrometer consists of decade 
scaler with timer, Non-overload amplifier with differential 
and integral discriminator, high-voltage power supply and 
photomultiplier preamplifier The single-channel recording 
type includes a Brown recorder and log-count-rate meter 
A 5-kv power supply and a decade super scaler are also 


shown 


HIGH VOLTAGE ENGINEERING 
CORP. 


Burlinaton, Massachusetts 


188, 189 
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A new powerful, economical Van de Graaff electron ac 
elerator designed to meet recent industrial demands for 
ompact n-line radiation processing equipment at low 
apital cost, will be introduced. On display will be oa 
mode! of the new 10-Mev tandem Van de Grooff accel 
erator, the world's most advanced nuclear research tool 
for precise scientific investigation of the atom 


HILD FLOOR MACHINE CO., INC. 328 
217 West Washington Bivd 


hicaac y ttlhinois 


rial vacuum cleaners, floor scrubbing machines, UL 
ted explosion-proof vacuum cleaners 


HOKE INC 322 
136 South Dean Street 


Englewood, New Jersey 


Hoke valv regulators, cylinders, and flo-gages will be 
in addition, sample high-temperature (1,000 
p) bellows valves specially designed for liquid 
ontrol will be exhibited along with sample isotope 
ylinders Literature will be available for distri 

detailed information on these subjects 


HOLMES & NARVER, INC. 213, 214 


828 South Figueroa Street 
os Angels 17, California 


Introduces a new technical service: nuclear safety Inte 
jrate n one professional organization experienced scien 
d engineering hazard evaluation of critical assem 
lie ystems, containment and environment This new 
Nuclear Division of Holmes & Narver is an outgrowth of 
ne years of nuclear facility test engineering and con 
truction in the weapons program and supplements tradi 
tional skills in industrial plant design and construction 


IMPERIAL CHEMICAL INDUSTRIES, LTD. 174 
Metals Division 

Kynoch Works, Witton 

Birmingham 6, England 


Wrought and fabricated products in steel and nonferrous 
metal including aluminum, bross, magnesium, titanium 


and zirconium for nuclear engineering. New York office: 
488 Madison Ave 


INTRUSION-PREPAKT, INC. 155 


568 Union Commerce Building 
eveland 14, Ohio 


Intrusion-Prepakt, Inc. offers a superior method of placing 
high density concrete for biological shields. Complete em- 
bedment of inserted fixtures and complicated reinforcement 
is assured by intruding preplaced selected aggregates with 
special grout. Maximum shielding protection is obtained 
by individualized mix designs and precision control of all 


materials 


KEITHLEY INSTRUMENTS, INC. 231 


12415 Euclid Avenue 
eveland 6, Ohio 


ym tube voltmeters, electrometers, meg-megohm 
micro-microammeters, d-c and a-c amplifiers, oreo 
and period meters The common feature of Keith 
ments is ultra-low loading error combined with 
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high measuring accuracy and stability They can measure 
voltages from microvolts to 20 kilovolts, currents from 
10°" to 10° amp, resistances from 10° to 10" ohms and 
static charges 


©. G. KELLEY & CO. 220, 221 
98 Taylor Street 
Boston 22, Massachusetts 


In the atomic field, O. G. Kelley & Co. fabricates all types 
of reactors, lead radiation shielding, lead-filled casks, 
vaults, shipping containers and lead bricks, both standard 
type or of special design Stainless-steel hoods of various 
sizes and shapes are also manufactured to the customer's 
specifications For the nuclear industries, stainless-steel 
process equipment of intricate design and fabrication 


WALTER KIDDE NUCLEAR 203 
LABORATORIES, INC. 


975 Stewart Avenve 
Garden City, New York 


Consultants to industry in the nuclear field offering: com 
plete nuclear facilities design, design and engineering of 
reactor systems, reactor feasibility studies, hazards and 
shielding studies, pilot-plant design and operation, heat 
transter and fluid-flow studies, radiochemistry and hot 
laboratory services, radioactive analyses and sampling, 
irradiation studies, waste treatment and disposal, site sur 
vey and selection, nuclear product development and com 


puter services 


KNAPP MILLS, INC. 280 
23-15 Borden Avenue 
Long Island City 1, New York 


Lead shielding for research reactors, mobile reactors, ship 
ping containers and medical-therapy equipment also bricks 
and extrusions, personnel shields, caulking compounds 
In addition to producing the above equipment, the com 
pony acts as consultants on all shielding problems 


KOLLMORGEN OPTICAL CORP. 127 
347 King Street 
Northampton, Massachusetts 


Inspection instruments: periscopes with camera attachments 
for observation of nuclear processes, binocular and mo 
nocular underwater periscopes, panoramic cameras, for cor 
rosion inspection of plate-type fuel elements, borescopes, 
tracking telescopes and precision optical and mechanical 
components 


LADISH CO. 278, 279 
5481 S. Packard Avenue 
Cudahy, Wisconsin 


Display illustrating new and unusual fittings, forgings, and 
rolled rings produced for both naval and land-based 
nuclear power installations Exhibit includes representa 
tive examples of a broad range of special-purpose piping 
components manufactured in a wide variety of types, 
sizes, pressure ratings and materials to meet specific nu 
clear application requirements 


P. M. LENNARD CO., INC. 152 


One Hanson Place 
Brooklyn 17, New York 


Dry boxes, glove boxes, safety hoods, fume hoods, vacuum 
boxes made of either transparent plastic or stainless 
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steel, filters for exhausting system and glove systems for 
handling materials, atmospheric controls for low humidity, 
inert gas, etc. are available and can be attached to the 


above boxes and hoods 


LINDE COMPANY 156-160 


(see Union Carbide Corp.) 


LINDSAY CHEMICAL CO. 114 


West Chicago, Iilino 


Rare-earth and thorium chemicals with emphasis on tho 
rium oxide and rare-earth neutron absorbers for reactor 


use 


D. E. MAKEPEACE CO 299, 300 


(see Engelhard industries) 


MALLINCKRODT CHEMICAL WORKS 119, 120 


Special Metals Division 


St. Lovis 7, Missouri 


Enriched uranium compounds, principally uranium dioxide 
produced from uranium hexafivoride withdrawn from a 
gaseous diffusion cascade Prototype uranium compounds 
of normal assay Uranium compounds for ceramic use in 
fabricating pellet for ceramet use in fabricating matrix 
type elements and for e in homogeneous reactors Per 
sonnel available to d various uranium compounds of 


all dearee f enrichment and uranium metal 


MALLORY-SHARON METALS CORP. 252, 253 
c/o U. S. Industrial Chemicals Co. 

99 Park Avenue 

New York 16. New York 


Zirconium platelet reactor grade, hafnium sponge and 


platelets, zircor m and hafr m ingots and mill products 


THE MARTIN CO 252, 253 


Baltimore 3, Maryland 


Nuclear activitie of 1 } span the fields of 
power-reactor ysten sular fuel elements, nuclear 
seaplane airframe, decay-energy utilization and radiation 
effects Modern nuclear manufacturing and laboratory 
facilities provide Martin 1 lear research, design, develop 
ment and production tea with complete support for nu 


clear studies, components and systems 


MARVEL SCHEBLER PRODUCTS 107, 108, 125 


(see Borg-Warner Corp.) 


MASSACHUSETTS DEPARTMENT OF 195 
COMMERCE AND COMMISSION ON 

ATOMIC ENERGY 

334 Boylston Street 

Boston 16, Massachusett 


Display illustrating Massachusetts’ potential as an ideal 
location for future leadership in nucleonics, research and 
development This potential to be outlined on exhibit indi 
cating the state's unique combination of excellent educa 


tional cultural and recreational facilities 
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METALAB EQUIPMENT CO. 162 


Division of Norbute Corp 
Hicksville, L.l., New York 


Manufacturers and engineers designing and fabricating 
isotope hoods, hot hoods, tables, benches, sinks and 
essential furniture and equipment for radioactivity labora 
tories and for research and control in the atomic energy 
field Engineering and consulting services available with 
out obligation to firms planning new laboratory facilities 


METALS & CONTROLS CORP. 265, 266 


Nuclear Products Division 
34 Forest Sireet 
Attleboro, Massachusetts 


Complete facilities for fabricating nuclear cores and fuel 
elements of foil, alloy or oxide, clad or unclad Special 
ists in melting and fine-gage rolling, machining or ex 
truding into plate, foil, wire, rod or tubing Maintains on 
hand both AEC and licensed enriched, normal and de 
pleted uranium as well as thorium, zirconium, and alloys 
On display are typical products and photographs of facil 


ities 


NATIONAL BUREAU OF STANDARDS 137-140 


(see U. S. Department of Commerce) 


NATIONAL CARBON CO. 156—160 
(see Union Carbide Corp.) 


NATIONAL ELECTRIC 299, 300 


INSTRUMENT CO. 


(see Engelhard Industries) 


NATIONAL LEAD CO 217, 218 


111 Broadway 
New York 6, New York 


Shielding materials and methods including lead in various 
forms and concrete densified with barite, magnetite and 
lead Shipping and storage containers for hot materials 
Metals with applications in reactor construction and opera 
tion Fabrication of fuel elements and accessories Lead 


chemica 


NATIONAL SPECTROGRAPHIC 210, 211 
LABORATORIES, INC. 


6300 Euclid Avenue 


Cleveland 3, Ohio 


The consulting division, Cleveland and Miami, offers these 
service analytical nuclear and radiobiochemical Service 
nclude source and special materials, consultation on 
setting up procedures and laboratories (including in 
strumentation) for control of reactor materials, reference 
analyses and sampling consultation Fields include: re 
actor fuels, moderators, shields, component parts, special 
processing of materials hazardous materials The in 
strument division offers complete line of spectrographi« 
equipment for performing above work in client's labora 


tories 


NEW HERMES ENGRAVING 192 
MACHINE CORP. 


13-19 University Place 
New York 3, New York 
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Bench-type portable engravograph for nameplates, panels, 

et Engravograph for the drilling of printed 
rcuit plates Also featuring new Engravograph for en- 
jraving of oversize panels that cannot be handled by 
onventiona!l equipment 


NEW YORK STATE DEPARTMENT 287 
OF COMMERCE 


w York 


of Commerce through its chairmanship 

Council on the Use of Nuclear Materials is in 

position to assist the atomic energy industry 

sddition to its large staff of industrial-location 

regional offices located in all parts of the 

The leading state in peacetime atomic energy, New 

prepared to expand and extend this lead through 
e to industry 


NORTH AMERICAN AVIATION, INC. 233, 234 
263, 264 


Atomics International Division 


alifornia 


res animated scale models of three power re 
yned by the company One model describes 
reactor experiment located 30 miles from 
Angeles Another depicts an organic 
sctor for central station power A third 
the organic-moderated reactor as it will be 
maritime supertanker 


NUCLEAR CORP. OF AMERICA 


see Engelhard Industries) 


299, 300 


NUCLEAR DEVELOPMENT CORP. 
OF AMERICA 


141, 142 


New Stree 


New York 


velopment, engineering and construction in 
field, specializing in reactors and components 
able include: research and engineering 
omputing center and nuclear experiment 
Models of Materials Engineering Test Reactor 
Deuterium Reactor Services offered include 

d applied projects in all areas of reactor 


engineering 


NUCLEAR-ELECTRONICS CORP. 334 


2—36 W. Cumberland Street 


adelphia 32, Pennsylvania 


of laboratory-type nuclear instrumentation 

ludes scintillation spectrometers, radiation 

decade scalers, radiation alarms, ratemeters, 

jamma chamber survey meters, beta-gamma 

er binary scalers, linear amplifiers, pulse 
and regulated power supplies. 


NUCLEAR MEASUREMENTS CORP. 313 


246 North Arlington Avenue 


jianapo 18, indiana 


Exhibit feature NMC's improved low-power gas-flow 
proportionc punting systems, two basic types of air- 
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borne particulate monitors (fixed and moving filer), 
chromatographic scanner, Nucliguard beta-gamma monitor, 
portable survey instruments and proportional counter con 
verters The new ‘candid’ decade scaler mode! DS-1A 
is featured with its binary counterpart, model BS-! 


NUCLEAR SYSTEMS 283, 284 


A Division of The Budd Co 
2950 Roberts Avenve 
Philadelphia, Pennsylvania 


Custom radiation facilities and complete design and en 
Gineering services Auxiliary detection equipment Rodi 
ography instruments for nondestructive testing Noncon 
tacting radiation thickness gauges for custom installation 


NUCLEONICS CORP. OF AMERICA 327 


196 Degraw Street 
Brooklyn 31, New York 


Complete line of nuclear instrumentation and accessories 
film-badge service, multichannel pulse-height analyzers, 
gateway radiation monitors, medical isotope labs, blood 
volume computers, scintillation counters (alpha, beta, 
gamma and neutron), scalers, ratemeters, survey meters 
nevtron counters, Geiger tubes, proportional counters, 
atomic education equipment, personnel protection, uranium 
and oil prospecting, inorganic radioactive isotopes, carbon 
14 compounds and sample-preparation equipment 


NUCLEONICS 219 
McGraw-Hill Publishing Co 
New York 36, New York 


Publication serving the field of atomic power, nuclear 
engineering and applied radiation. Subjects covered in 
clude nuclear fusion, design and manufacture of reactors, 
components and accessories, production and use of 
nuclear power, use of radiation sources (isotopes, re 
actors, particle accelerators, etc.) as research, diagnostic 
or production facilities in industry, educational institutions 
laboratories and hospitals, design and manufacture of 
instruments for measuring radioactivity 


OAK RIDGE NATIONAL 290, 291 


LABORATORY 
Health Physics Division 
P. ©. Box X 

Oak Ridge, Tennessee 


The Health Physics Division of the Oak Ridge National 
Laboratory (operated by Union Carbide Nuclear Co.) 
conducts an applied radiation-protection program and re 
search and engineering programs related to maximum 
permissible dose, maximum permissible concentrations of 
radionuclides in air and water, safe and economical 
storage, treatment and disposal of radioactive wastes, 
and effects of radionuclides on the environment 


OFFICE OF TECHNICAL SERVICES 137-140 


(see U. S. Department of Commerce) 


PACIFIC COAST ENGINEERING CO. 106 


P. ©. Drawer “'E 
Alameda, California 


Paceco designs and fabricates heavy steel plate and 
alloys into equipment for nuclear facilities meeting ex 
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acting customer demands Exhibit shows progress pictures 
of a boiling water reactor; model of the Paceco dual 
torque crane; pictorial displays of a 90-ft linear acceler 
ator, stainless-steel towers, avutoclaves, cask and coffin 
assemblies, pressure vessels and allied products developed 
for the nuclear field 


PENFIELD MANUFACTURING CO. 186 
19 High School Avenue 


Meriden, Connecticut 


Designer and manufacturers of packaged demineralizers 
for industry Obtainable in mono-, dual- and multi 
column types, offering flow rates from a few gallons per 
hour to more than 10,000 gal/hr of ultrapure process 
and make-up water Units available for either fully 
automatic operation ncluding entire regeneration cycle 
or for manual control Demineralizers shipped completely 
assembled, ready for instant operation upon simple con 


nection to service tine 


PENNSYLVANIA, COMMONWEALTH OF 262 


Department of Commerce 
Main Capitol Building 


Harrisburg, Pennsylvania 


The Pennsylvania Department of Commerce maintains 
a staff of professional industrial development personne! 
trained in the flelds of plant location, engineering, in 
dustrial economics, marketing, traffic and transportation, 
industrial zoning and community development. Detailed 
data for plant location surveys is prepared to meet specific 
individual requirement This service is confidential and 


without cost 


PERGAMON PRESS, INC 
122 E. 55 Street 
New York 22, New York 


148, 149 


Outstanding books in nuclear energy, applied and theo 
retical physics chemistry and chemical engineering, 
mathematics, and other flelds including medical subjects 
will be displayed Research journals devoted to similar 
sciences will be displayed as well as a new and com 


prehensive 1958 catalog 


PICKER X-RAY CORP. 146 
25 South Broadway 
White Plains, New York 


Picker X-Ray Corp. is showing their Hot Pot’ the most 
advanced self-contained hot laboratory now in production 
Used for the irradiation of all types of material, up to 
2,000 curies of cobalt-60 delivering 8,000 r/hr are 
contained in a completely shielded housing Also shown 
are the latest Picker radiation instruments including scaler 
ratemeter, and other equipment available for radiation 


detection 


POTTER AERONAUTICAL CORP. 
U. S. Route 22 
Union, New Jersey 


257, 258 


Corrosion-proof and maintenance-free Pottermeters capable 
of measuring with extreme accuracy flow of coolants such 
as super-heated water and molten sodium-potassium) 
Related instrumentation includes gas-flow meter, densi 


meter, proportioner, ratio meter, leak detector, predeter 
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mined counter, totalizers, 455 Fto 1,500 F pickup 
coils, tachometers, air-speed indicator, indicators, recorders 
and test and control systems 


QUARTERMASTER FOOD & 332, 333 
CONTAINER INSTITUTE FOR THE ARMED 
FORCES 


1819 West Pershing Road 
Chicago, Illinois 


Radiation preservation of food exhibit underscores follow 
ing theme Radiation preservation may be the most sig 
nificant development in food processing since canning 
Spurred dehydration, the needs of the armed forces have 
stimulated interest in this potential peacetime atomic use 
Still experimental, many problems remain to be solved 
before the development of irradiated foods becomes a 


commercial reality 


RADIATION APPLICATIONS INC. 150 
342 Madison Avenue 
New York 17, New York 


Research, consulting and experimental services on uses 
and effects of all forms of radiation, design of irradiation 
facilities Publishers of Radiation Applications, a monthly 
technical review; Designers of the RAI Gammalab, a small 
cobalt irradiator designed and priced as a standard 
piece of laboratory equipment The RAI Industrial Radia- 
tion Center, situated 10 minutes from the Coliseum in 
Long Island City includes a 1,350-curie cobalt-60 source 

round-trip transportation provided for all interested 


visitors 


RADIATION COUNTER 335 
LABORATORIES, INC. 


5121 W. Grove Street 
sxokie, Illinois 


An entirely new concept in nuclear instrumentation will 
be displayed—-RCL's revolutionary 32-channel analyzer, 
featuring the world's first cathode-ray-tube decimal number 
readout, transistors and printed circuits It is expected to 
ouvtdate all present-day instrumentation More than just 
the most advanced multichannel analyzer yet devised, it 
is also a basic nuclear laboratory from which to build 


RADIATION INSTRUMENT DEVELOPMENT 310 
LABORATORY, INC. 

5737 South Halsted Street 

Chicago 21, Illinois 


Manufacturer of quality, instrumentation for nuclear 
studies and analysis. Scalers, count-rate meters, pulse 
height analyzers, multichannel analyzers, (100, 200, or 
256 channels), low-level counting systems, portable 
spectrometers, etc Nuclear instrumentation in action.’ 


READEX MICROPRINT CORP. 256 
115 University Place 
New York 3, New York 


Publisher of the complete text of all the literature on 
nuclear science from AEC and non-AEC sources abstracted 
and to be abstracted in Nuclear Science Abstracts and its 
predecessors, except for material unavailable because of 
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opyright restrictions. May be acquired as a collection 
or by the categories established in Nuclear Science Ab 
stracts; reading equipment supplied also 


REMINGTON RAND 
Division of Sperry Rand Corp. 
315 Fourth Avenve 

New York 10, New York 


178-180 


Descriptive and applicative material on Univac Scientific 
and Larc computers 


REPUBLIC STEEL CORP. 259-261 


Cleveland, Ohio 


Republic Endure stainless steel in structures and equip- 
ment for research and production of ctomic energy and 
radioactive isotopes. Republic Endure, in its various forms 
ncluding tubing, is used in taboratory equipment, 
atomic power plant heat exchangers and equipment for 
reactors and atomic energy components. Republic Titanium 
erves in applications requiring high strength, low 
weight and excellent corrosion resistance 


SCIENTIFIC AMERICAN 232 


415 Madison Avenue 
New York 17, New York 


Scientific American magazine and other publications of 
nterest to individuals in the atomic energy field 
SHELL OjL CO. 109, 110 
50 West 50th Street 

New York, New York 


Radiation-resistant turbine oil and greases for atomic 
power plants Facilities to develop new plastics and to 
tudy the effects of radiation on other oil products, 
especially fuels and lubricants to be used with atomic 


power plants 


SUPERIOR STEEL CORP. 172 


Carnegie, Pennsylvania 


Superior's specialization in hot- and cold-rolled stainless 
steel, nonferrous clad metal, alloy- and spring-steel strip 
has resulted in a great fund of knowledge and experience 

a prime factor in successfully processing boron stain- 
ess, zirconium, titanium, uranium and other special metals. 
Conversion orders for rolling or for vacuum annealing 


are invited 


SYLVANIA-CORNING 
NUCLEAR CORP. 


Bayside, New York 


153, 154 


The Sylcor booth features an exhibit of nuclear fuels and 
specialized reactor components. A step-by-step flowsheet 
of the production of a nuclear fuel element and photo 
graphs of the equipment and operation employed will be 
hown Samples of fuel elements supplied by Sylcor 
will be displayed 


TECHNICAL ASSOCIATES 308 


140 West Providencia Avenue 
Burbank, California 


nisrumentation for nuclear research, reactor control, 
health physics and monitoring including scalers, rate- 
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meters, hand and shoe counters, lead shields, ion 
chambers, survey meters and scintillation detectors 


TECHNICAL MEASUREMENT CORP. 305 
140 State Street 
New Haven 11, Connecticut 


TMC manufactures a complete tine of nuclear instruments 
including 100-channel pulse-height analyzers (delay-line 
memory), single-channel pulse-height analyzers, non 
overloading linear amplifiers, vultrastable high-voltage 
power supplies, scalers, ratemeters and liquid-phosphor 
beta spectrometers; also special instrumentation systems 
that include a complete nevtron-flux plotting system, re 
actor instrumentation for a critical facility, and special 
isotope monitors 


THERMAL REFRACTORIES CORP. 187 
4501 Dell Avenue 
North Bergen, New Jersey 


Precision ceramics of high-fired beryllia oxide, pure 
alumina oxide, thoria, zirconia and silicon carbide in 
shapes, crucibles, tubing, rods, cores, heat sinks, bearings 
for the nuclear, electronic, aviation, precious-metals-melt 
ing and chemical industries—all fabricated by National 
Beryllia Corp., an affiliate of Thermal Refractories Corp 


TRACERLAB, INC. 306 
1601 Trapelo Road 
Waltham 54, Massachusetts 


Reactor-monitoring equipment and services, industrial 
gaging and process-control equipment, standard nuclear 
laboratory instruments and avutomatic-sample-changing 
equipment 
TUBE TURNS 269, 270 
224 East Broadway 

Lovisville 1, Kentucky 


Manufacturer of a complete line of welding fittings and 
flanges of all wrought metals for all types of applications 
Pioneer in the production of specialized piping components 
made to the exacting quality standards required for 


nuclear services 


UNION CARBIDE CORP. 156—160 
80 East 42nd Street 
New York 17, New York 


Linde Co. 


Exhibit outlines applications for the rare gases 
neon, argon, helium, krypton, and xenon——in nuclear 
materials processing, in reactor operations, and in 
instrumentation 


National Carbon Co. 


National Nuclear Graphite for moderators 
reflectors, thermal columns, molds and crucibles 
Properties: excellent structural material; high mod 
erating qualities; strength increases with temperature 
rise; safe to handle before and after exposure; re 
sists corrosion; resists thermal shock; easily fabri 
cated; addition of boron in low percentages makes 
graphite excellent for shielding 


15 





Union Carbide Nuclear Co. 


The theme for Union Carbide Nuclear Co.'s exhibit 
is company expansions The exhibit has been de 
signed to dramatize the progress made this past year 
by this division of Union Carbide Corp. in all phases 
of nuclear energy—from uranium mining and mill 


ing to nuclear research and development 


UNITED SHOE MACHINERY CORP. 242, 243 
Atomic Power Department 

Balch Street 

Beverly, Massachusett 

An integrated service facility for research, design, proto 
type, test and manufacture of mechanical systems and 
components for nuclear reactors Operator of the first 
privately-owned environmental test facility for reactor 
components Harmonic linear actuation will be demon 
strated for the first time, in the form of a hermetically 


sealed control-rod-drive mechanism and valve 


U. S. ATOMIC ENERGY 288, 289 
COMMISSION 
190! Constitution Avenve 


Washinaton, 25, D. ¢ 


Radioisotopes and applied radiation in industry 


U. S. DEPARTMENT OF COMMERCE 137-140 


Washinaton 25, D 


National Bureau of Standards 


Descriptive materia on the standards, research and 
service activities of the Bureal of Standards in the 


field of radiation physics 


Office of Technical Services 


Material on OTS reports dissemination program 
relating to documents of the Atomic Energy Commission 


U. S. INDUSTRIAL CHEMICALS CO. 117, 118 


(see Mallory-Sharon Metals Corp.) 


UNITED STATES RADIUM CORP. 177 


Morristown, New Jersey 


U. S. Radium is exhibiting their line of radioisotope-ex 
cited hermetically sealed light and radiation sources 
Booth features a walk darkroom where companys new 
high-brightness Kr” excited Isolamps, edge-lighted emer 
gency exit ians and obstruction markers will be dis 
played The company is also displaying their diversified 
line of radiation sources for production equipment, 


process-control systems and research 


UNITED STATES STEEL CORP. 
525 William Penn Place 


Pittsburgh 30, Pennsylvania 


123, 124 


A graphic description of U. S. Steel as “the steel center 
of the atomic industry with emphasis on stainless stee! 


and research 


UNIVERSAL TRANSISTOR 
PRODUCTS CORP 


143 East 49 Street 
New York 17, New York 


315, 316 


Transistorized portable nucleonic instruments for in 
dustrial medical and agricultural use, health-physics 
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monitoring, reactor and area monitoring, civil defense, 
laboratory research and uranium and oil surveying and 
exploration Radiological survey meters, alpha-beta and 
alpha-beta-gamma monitors, precision ratemeters, five 
chonnel monitor systems, X-ray detectors, dosimeter pens 
and chargers and transistorized power supplies and 
amplifiers 


D. VAN NOSTRAND COMPANY, INC. 163 
120 Alexander Street 
Princeton, New Jersey 


Technical books in nuclear science and engineering and 
related field, including The Geneva Series on the 
Peaceful Uses of Atomic Energy’’ in six volumes, Glas 
stone's “Principles of Nuclear Reactor Engineering,” ‘The 
International Dictionary of Physics and _ Electronics.’ 
Descriptive catalog available for books in science and 
technology, medicine and business 


THE VICTOREEN INSTRUMENT CO. 286 
5806 Hough Avenue 
Cleveland 3, Ohio 


World's first nuclear company, designers and manu 
facturers of nuclear and radiation measurement instru 
ments and systems since 1928: G-M counters, scintillation 
counters, ionization chambers, ratemeters, power supplies, 
amplifiers, pulse-height analyzers, electrometers, monitor 
ing systems, dosimeters, survey meters, etc Complete 


engineering, manufacturing, and calibration facilities 


VITRO CORP. OF AMERICA 


261 Madison Avenue 
New York 16, New York 


240, 241 


A broad range of advanced technologies including 
chemical research and development of nuclear processes; 
engineering design and construction management of 
nuclear facilities, refineries and petrochemical plants; ex 
ploration, mining, milling and refining of uranium, thorium, 
rare earths and heavy minerals; and engineering design, 
development and production of aircraft components and 
systems 

WAH CHANG CORP. 215, 216 


233 Broadway 
New York 7, New York 


Quantity producers of high-purity zirconium, hafnium 
columbium, tungsten, molybdenum and tantalum metals 


for all applications 


WESTINGHOUSE ELECTRIC CORP. 244-248 


3 Gateway Center 
Pittsburgh, Pennsylvania 


Westinghouse develops, designs, and manufactures ap 
paratus for complete nuclear power plants for application 
in generating electric power, industrial steam, and 
marine propulsion Nuclear components manufactured 
include fuel cores, canned-motor pumps, hermetically 
sealed valves, control-rod-drive mechanisms, heat ex 
changers, complete nuclear instrumentation and contro! 
equipment, radiation-monitoring equipment, fission and 
proportional counters, ionization chambers, and Corox 


heating elements 
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Needed Desperately: 


HERE has probably been no period in the history of 
[ve U. 5. civilian atomic energy effort that is as 
confused as the one we’re in right now. Politics and 
technology have become so inextricably intertwined 
that it’s impossible to tell which end is up. In fact 
the situation seems to be so bad right now that if a 
high order of nuclear statesmanship does not come 
nto play in the next several months it really won't 
make any difference which end is up. 

lo the extent that anyone can identify anything as 
facts these days, these appear to be the facts: 

1. Gas-cooled, natural-uranium, graphite-moder- 
ated reactors. The Congress has directed the 
Atomic Energy Commission (see p. 22) to move 
quickly towards the building of a Calder Hall type 
reactor, which AEC says shouldn’t be built. The 
Congress says it wants an “advance” over Calder 
and that it has in mind the use of enriched uranium 
it a later date. AEC hurriedly sought proposals 
from industry, looking towards the “initiation of con- 
truction in July, 1958.” Now, Congress says AK 
moved too fast, that it is not seeking an advance over 
Calder, and, is in fact, handling things so that the 
results of the study to be carried out will dictate 
against the actual building of a plant. Industry, 
meanwhile, moved into action helter-skelter, trying 
it the same time to make up for its deficit of Calder 
knowhow, but intending to submit proposals for this 
new piece of business regardless of how much of an 
uivance over Calder it could realistically propos 

2. Rise in prices. As in any business, the facts 

fe are learned the hard way, by actual experience 
Before any power reactors were built or seriously engi- 

ered, “‘economic”’ reactor schemes were a dime a 
dozen Now that some plants have come into opel 
ition and others are coming close to operation and 
till others have been studied definitively in a hard- 
headed way, the bloom seems to be off the rose 
Economic reactors are no longer a dime a dozen 
Rather it’s the ones that are twice-removed-from 
conomic or three-times-economic that can be bought 
off the shelf 

tuation last month (see p. 19) where two major 


Thus, we came to the very-real-lifi 


orporations reported a rather considerable dis- 
nterest in working with the AEC on building power 
tors that might cost the companies much more 
than earlier estimates forecast. Regardless of the 
erits of this case, it points up the hard-to-assimilat: 
uct that nuclear power is still a bit away from being 
in economic proposition in the U. 8. 
3. Engineering problems. The final fact of lif 
ve'd like to report is the also-obvious one that is now 
the forefront: There are some not-too-small tech 
problems in certain kinds of reactors that the 
U. S. has been putting effort into. Homogeneous 
reactor systems are a case in point. There is reported 
im this issue (p. 64) the decision of a major utilit 
ip not to invest in a homogeneous power reactor 


Jerome D. Luntz, Editor 


Nuclear Statesmanship 


because of the very high costs stemming from major 
technical difficulties. And the homogeneous program 
at Oak Ridge is riding rather low at the moment for 
very much the Same renson, 

Disregarding the very fine and useful progress that 
is being made in other parts of the U. 8. reactor 
program, these then are the things that are in the 
limelight at the moment and that are causing con- 
fusion in American industrial ranks and in the minds 
of outsiders looking in at us 


He U.S. does not have unlimited manpower, Cer- 
Tees, the finite number of reactor experts that 
we have places a finite limit on the diversification of 
program that we can indulge in 

In addition (and contrary to what other countries 
may think), we do not have unlimited money available 
lor our atomic energy program 

Thus, we are not in the position many think we're 
in-that by pressing the right button we can crank 
out any number of new ideas that will pay off in 
relatively short order. 

What we need more than anything else in the U. 8. 
right now is to decide what it is that we really want 
in the atomic energy field. If we want a large number 
of different power reactors to be built domestically, 
then undoubtedly the government is going to have to 
foot a big part of the bill with industry coming in to 
the extent it can, 

If we want to develop reactors that can be sold 
abroad, we’ve got to concentrate on and push that 
which we’re most competent on. Because it appears 
that all the world, including England, is going to be 
moving rather quickly towards the building of en 
riched reactors, it would seem our best bet to concen- 
trate our efforts on these. 

But the Editors of NucLEONICS humbly reject any 
cloak of omniscience in this confused state of affairs 
We do know for sure, however, that the dogfight now 
going on between the Joint Committee on Atomix 
Energy and the AEC is going to do this country no 
good, Certainly no dynamic reactor policies will 
result from it. In fact, it looks very much as if the 
conflict may worsen in the next six months 

The recommendation of NUCLEONICS is that the 
Joint Committee, in consultation with the AKC, set 
up a very high level, nonpartisan committee to study 
these questions 

1. What should the level and breadth of the U. 8. 
domestic reactor program be? 

2. What foreign atomic energy policies should the 
UL. 8. have? In particular, what is the most expe 
ditious thing that the U. S. can do to improve its 
power reactor export position? 

If this task can be set up and can be carried out 
with a high order of statesmanship, we may yet get 


out of the woods. 





EVALUATION OF A 
HOMOGENEOUS 
REACTOR 


Although homogeneou 


ment in the U.S. for at least as long as 


types, it has generally been felt that the practical engineer- 


ing problems connected 


emergence as economically 


experiences in the experimental homogenous reactor pro- 


gram at Oak Ridge have certainl; 


Now, a very extensive ivate 


homogeneous reactor power station has 
pessimistic results on the particular design studied, show 
ing that power from it would cost 19.4 mills/kwh, at least 


in most of the U.S 


three times conventional power cost 


The most disturbing element of this high power cost is 
the figure of 4.1 mill/kwh for maintenance of the plant 


This new study was 


reactors have been under develop- 


most other reactor 


with them might long defer their 
significant 


borne this forecast out 


industrial study of a 


carried out by engineers from the 


plants Recent 


cy cle 


nology 


produced rather 


cost. 


Nuclear Power Group and the Babcock and Wilcox Com- 


pany. 


This Team... 
- 


The team consisted of 10 
scientists and engineers from The Bab 
cock & Wilcox Company 10 from 
the Nuclear Power Group.* NPG 
midwestern utilities that 


study 
and 


a group of 


is working together on nuclear 


The 


Dresden 


largest of these is the 
180.000-kw 


ects 
plant boiling 
water reactor) now under construction 

In parallel with this effort NPG 
teamed up with B&W to evaluate the 
here 


homogeneous concept reported 


The study (which took about a year 
is based primarily on the experimental 
data available from ORNI The team 
drew heavily on the experience of a 
number of consultants in both organ 
izations and at ORNL 

~ * The members are: America , 
Electric, Central Illinois Light, C 
wealth Edison, Illinois Power, Kansas City 
Power and Light, Pacific Gas and Electri 
Union Electric and Bechtel Constr. Corp 
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The group first worked out the complete design 


The study groups 


the utility industry 


certainly find a place 


for a 150,000-kw nuclear power station and then went on 
to make a detailed analysis of the total cost of power pro- 
duced by this facility 

The reactor decided on was a single-fluid aqueous homo- 
geneous two-region breeder that operates on the Th-U** 
The study group’s objective was to find a reactor 
system that could satisfy the operating requirements of a 
commercial power station, be built with present-day tech- 


and, at the same time, produce power at the lowest 


371-page report, in one sense, serves 


as a comprehensive summary of the status of the homoge- 


neous reactor at this time as seen by one major interest in 


For this reason, the report will almost 


is a basic reference in the field. 


The Editors 


Reached These Conclusions .. . 
> 


Soiled down to its essentials the re 


port contains two major conclusions 
Virst, a workable homogeneous reactor 
power plant appears to be feasible from 
the engineering point of view, al- 
though it will take some $10 million 
worth of research and de velopment to 


make 


were to be built, it would produce en- 


sure. Second, if such a plant 
ergy at a cost roughly three times that 


Faced 


these facts the Nuclear Power Group 


of conventional plants. with 


has decided that any further interest 


on its part in homogeneous reac- 


tors must await future 


ter hnological 
advances, 

NPQ’s 
maintenance 
The 


annual maintenance bill foreseen for a 


An important factor in 


decision was the high 


cost predicted by the study 


150,000 kw homogeneous power reactor 


comes to 


Coat 
$10° 
1.00 


V aintenance item year 

Labor 

Material and 
parts installed 1.81] 


Investment in 


spare 


tools, 
equipment and spare 
parts inventory 0.39 

Conventional plant 
maintenance 0.75 


Total $3.28 million 


year 


lor a 60% load factor this amounts to 
4.1 mills/kwh. 

Admittedly, much of this high main- 
tenance cost figure is a direct out- 
growth of the 


tions made in the analysis, i.e 


conservative assump- 
, Short 
component lifetimes complete replac e- 
ment of worn components, double con- 


tainment of the primary system and 
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multiple parallel heat exchanger-pump 


unit The study group is convinced, 
however, that these assumptions are 
necessary, given today’s level of knowl- 
edge And there is no guarantee they 
will not prove permanently necessary 

se that as it may, there is some hope 
that these costs might be reduced some- 
what by future design refinements 
For instance, optimization of the pri- 
mary system would most likely result 
in a smaller number of heat exchanger 


loops in parallel. This would probably 
lower maintenance costs and shutdown 
On the other hand, a component 
then 
ipacity loss this loss continuing 


could be 


time 


failure would result in greater 
plant ¢ 
until a shutdown 
scheduled 


What does this say about the future 


plant 


homogeneous power reactor? 


of th 
Above 
the study 
power plant that can be built and oper- 


all, it must be understood that 
team is talking about a 


ated today. Considering today’s lim- 


ited know-how in this field the findings 
are perhaps not so pessimistic, Clearly 
the study group’s reference design pays 
for shortcomings in technical advance- 
ment with higher investment and oper- 


ating costs. The study group’s esti- 


mates, at the present state of the art, of 


remote maintenance capability and 


component lifetime and reliability force 
the use of expensive features like multi- 
units and double 


ple parallel boiler 


containment for the primary system. 


The 


reactor 


homogeneous- 
that 
perience will show that elaborate safe- 


natural hope of 


enthusiasts is future ex- 
guards such as these are unnecessary 
In fact many would question whether 
they This 
would position of 


are necessary even today 
certainly be the 
Westinghouse and Pennsylvania Power 
& Light Co. who are currently involved 
in a joint project to look further into 
the possibilities of the homogeneous 
power reactor. * 

All in all, the study should make a 
valuable contribution to the field as a 
benchmark. Although some will argue 
that the reference design is too con- 
servative even for today’s primitive 
technology, it does represent an ex- 
haustive appraisal, from one point of 
view at least, of what can be done today 
the 


such, it defines more clearly what must 


with homogeneous concept. As 


happen tomorrow. Future designers 
should thus find the study group’s re- 
port a useful standard by which to 
measure their progress 

This is most of all true in the area of 
maintenance, This report represents 
the first really comprehensive analysis 
from the utility’s viewpoint that has 
become available of what will be re- 
quired technically and economically to 
cope with this unpleasant operational 
The fact that 


costs out 


problem the mainte- 


nance come prohibitively 


* wucteonice 16, No. 9, 166 (19057) 


After a stata This Reactor . 


REACTOR PROPOSED BY THE STUDY 
GROUP is aqueous homogeneous thermal 
breeder with a heat output of 520 Mw. 
Fuel solution (U?**0,S0~: in D,O) cools both 
core and ThO>-pellet-bed blanket. De- 
sign is based on view that, although plant 
as a whole will have usefui life of 30 years, 
critical components (fuel pumps, heat ex- 
changer tubes, etc.) can be expected to 
fail in much shorter times. Plant has been 
designed so that it will continue operation 
in spite of loss of such components. Re- 
pairs would be normally made only during 
a scheduled shutdown once a year. 
Design calls for large number of critical 
components in parallel. For instance, re- 
actor feeds 24 individual pump-heat ex- 
changer units. In addition each component 
is isolated in individual gas-tight concrete 
cell and is provided with remotely operated 
isolation valves. Dotted lines in figure 
indicate how components are grouped in 
isolating cells. As final precaution primary 
system is surrounded at all points by 
secondary high-pressure envelope 
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Power Cost Summary 


Item 


Plant investment 
Reactor plant 
Turbogenerator plant 


Operating and maintenance 
Operating 
Maintenance 
(Including replacements 


Nuclear fuel and inventory 
D,0 inventory and losses 
Blanket assemblies 
Fuel inventory 
Processing 
Mise 


costs 


TOTAL 19.4 


reactor for 
Hwo% 


*1 


On-site 


Mw 
(Method I processing 
load factor 


(electric design 


and 





high, even after the whole plant was 
designed specifically with the mainte- 
nance problem in mind, should give 
homogeneous reactor people pause for 
concern, At the same time the basic 
approach to the problem as formulated 
by the NPG-B&W study group should 


provide them with some useful idens 





exchanger 


Heot 

















EVALUATION OF A 


HOMOGENEOUS 


REACTOR 


Engineering Design 


THE STUDY GROUP Was given the job ol 


designing 4 homogeneous nuclear powe! 
plant that could be built using present 
day engineering experience Che plant 
was to possess the operational safety 
and reliability expected of a commercial 
power plant Ite lifetime was to ip 
that of 


equipment, At the 


proach conventional plant 


ame time the 
plant was to be designed to show ma 
mum economic promise 

Maintenance was recognized as on 
of the most important factors influes 
ing the practicability of the concept 
The combination of unknown service 
life of 


quences resulting from release of radio 


component eriou coms 
and extreme 


dictated 


activity due to a failure 
difficulty of hot maintenance 
the plant arrangement, containment 
system, and component design. Given 
today’s technology, the problem wa 
to provide maximum accessibility for 
maintenance, safe operation of compo 
nents and maximum assurance of con 
tinued plant serviceability in spite of 
any foreseeable accident 
In line with this philosoph 

assumptions were adopted 

eThe replacement of system 


Ompo 
nents will not require excessive shut 
down time, and, after a minor 
failure, the 


operable at full or slightly 


nent plant will remain 
reduced 
capacity. The replacement of a fault 
component must not impair either the 
safety of the plant personnel or the 
operation of other equipment 

elnitially, components will be 
ated until breakdown 
the plant design will permit continued 
until a 


When sufficient experience 


Ope T 
In most cases 
operation shutdown can be 
scheduled 
is accumulated, operate-to breakdown 


and philos 


preventive-maintenance 
ophies can be compared to determine 


which of the two is most economica 
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*Those reactor components that are 


not in contact with fuel solution are 
issumed to have the same life expect- 
incy as the plant as a whole 

No 


formed in the nuclear part of the plant 


maintenance work will be per- 

vhile it 1s In operation 

in general, maintenance work on the 

primary system will be performed re- 
15-20 ft of water It is 

that the level 


vill permit some dry maintenance 


motely under 


onceivable radiation 
With these considerations in mind 
the study team established the follow 
ing general design features 

©The steam-generating equipment will 
consist of a series of small units so that 
failure of even a single tube will not 
eriously reduce plant capacity. For 
this reason, the reference design calls 
for 24 small steam generators instead 
of a few large units. Preliminary in- 
estigation indicates a 12-unit design 
would also have merit) 

The components of the primary sys 
tem will be extensively compartmental 
ized. ‘To attain this, each steam gen 
erator, together with its isolation valves 
ind circulating pump, is housed in a 
separately-sealed cell 

®kach of the 


from 


components must be 


iccessible directly overhead 
Che plant has been laid out horizon 
tally with a minimum of stacking of 
components 

@\aintenance equipment will be oper 
directly 


ited as iis possible through 


wlequate water shields, This will r 
quire the development of methods that 
will prevent the spread of contamina 
tion through the shield water 

*T’o enable components to be run until 
breakdown, a close-fitting envelope ca- 
pable of withstanding the full system 
pressure will be required for each com 
fuel 
this 


ponent containing high-pressure 


solution. Where failures occur 





Reactor Characteristics 


General: 
Thermal power (Mw 520 
Net electric 


Operating pressure (psia 


power (Mw 150 
1,500 
Fuel inlet temperature 514 
Fuel outlet temperature 572 
Fuel flow rate (lb/hr 24.9 K 108 
Fuel velocity through core (ft/sec 6.3 


Core: 

Fuel solution UOS80,D.0 
Mw heat 
Diameter (in o4 
Volume 67,000 
I cone. (gm/l 0.95* 
rotal t 
Area of stainless steel (ft? 
Area of Zr-2 (ft? 


I ut | process eve le 


Power 305* 


of core solution (liters 
in core solution (kg 63 .3* 
90,000 
2,240 
full power days 115 


Hydroclone cycle day l 


Blanket: 


Fertile materia! PhO, pellets 
Assermbly diameter (in 


Mw heat 
rhorium loading (kg 


Power 
17,850 
rhorium consumed (kg 147 
U*** build-up (kg 237 
Pa? build-up (kg 23 .4 
Thorium irradiation cycl 

days 744 
Breeding ratio 1 .00* 


full power 


* Average value 





double containment will prevent the 
escape of radioactive materials and con- 
fine released contamination to the com 
ponent involved 

costs, the reactor 


®To minimize fuel 


should operate as a thermal breeder 


Reactor Plant Design 


Using the above design philosoph 
the study group produced a reference 
150,000-k w 


design for a (electrical 
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power station employing a single-fluid 
two-region aqueous homogeneous reac- 
tor. The reactor produces 520 Mw of 
heat to generate 620-psia steam. The 
sulfate-D.O fuel solution re- 
moves heat from both the core and the 


uranyl 


ThO, pellet-bed blanket in a two-pass 
arrangement. A summary of the de- 
sign parameters is given in the table. 
The reactor plant consists of four 
The 


primary system includes the reactor, 


basic and nine auxiliary systems. 


the main coolant loops, a pressurizer 
surge tanks, 24 
changers, 24 steam-separating drums 


and two heat ex- 
and a standby cooler (see fig., p. 65). 
The remaining three basic systems are 
the letdown system, fuel-handling and 
storage system and off-gas system. 

systems include decon- 
leak-detection fuel- 
sampling, et al. 


The auxiliary 


tamination, and 


Primary System 

The primary system operates as fol- 
ows: As the fuel solution leaves the re- 
actor, it enters two outlet headers that 
distribute it to the 24 heat exchanger 
circuits located in individual gas-tight 
cells. Each of these circuits contains 
one steam generator, one fuel circu- 
lating pump, and two isolation valves. 
Che fuel solution returns to the reactor 
from these circuits through four return 
he aders 

'wenty-four boiler heat exchangers 
ire used in this system to: (a) reduce 
the loss in plant capacity in the event 
of a component failure in any one of the 
circuits; (b) make use of circulating 
pumps having the capacity of pumps 
presently being operated at Oak Ridge 
National Laboratory; (c) reduce the 
size of equipment to facilitate remote 
maintenance 

Che isolation valves in each heat ex- 
hanger circuit are intended to allow 
ontinued plant operation in the event 
of a circuit component failure and also 


to facilitate 


remote maintenance. All 


1uxilary piping to primary system 


omponents (steam, water, vent, drain 
ind monitoring) has isolation valves 

The D.O pressurizer will maintain a 
pressure of 1,500 psia in the primary 

tem in order to prevent boiling of 
the fuel solution. Two surge tanks are 
nceluded to accommodate the volume 
hanges of the primary fluid during 
tartup, normal and emergency oper- 
ition and shutdown 

The standby cooler is furnished to 


emove the decay heat generated in the 
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Proposed Research and Development 


One conclusion of the study is that certain research and development will be 


required to prove out the reference design. 


split into two phases. 
chemistry and corrosion rates. 


The group envisions a program 


Phase I would cover basic investigations into fuel 
These should establish the concentration limits 


within which the fuel solution is stable and corrosion rates for each of the mate- 


rials exposed to the fuel. 


If the design limits set by this new information are still reasonable, work can 


begin on phase TI, 


This phase would provide for the engineering development 


of individual components including the blanket assemblies, primary system 


valves, fuel pumps, heat exchangers, pressurizer, and the equipment for mainte- 


nance and chemical processing. 


sembly, maintenance and inspection would be worked out 


Also, techniques for performing remote as 


The results of 


phase II should provide the final answer on the feasibility of the concept 
The cost of phase I is estimated to be about $3,700,000 if the program were 


initiated now 


If, however, considerable data should become available from the 


Homogeneous Reactor Test program, this cost might be reduced lo $1,600,000 


The cost of phase II is somewhat uncertain. 


Phase I data could permit 


either the deletion of some items now included in the phase II program or 


necessitate the addition of others. 


The cost of the phase 11 program is expected 
to lie between $4,105,000 and $6,024,000, 


The total research and development 


costs are therefore estimated to lie between 845,705,000 and $9,724,000 





blanket assemblies while the plant is 
off the line 
opened, diluted fuel solution or D,O 


When its cooler valve is 


will flow by natural convection from the 
reactor, down through the standby 
cooler, into the toroidal inlet header, 
and up into the reactor through the 
blanket assemblies 

Close-fitting, high-pressure contain- 
ment envelopes surround all compo- 
nents and piping containing high-pres- 
sure fuel solution. The space between 
the component or piping and its con- 
tainment envelope will be pressurized 
COs. 


ondary envelope is capable of with- 


and monitored with The sec- 
standing the fullsystem pressure. The 
high-pressure components and piping are 
further contained in pressure-tight con 
crete cells that are vented through rup- 
ture dises to a central low-pressure gas 
holder 

that 


manner similar to the 


This holder has a liquid sealed 


roof moves up and down in a 
movement ol 4 


The low 


pressure components do not 


conventional gas-holder 
have a 
close-fitting high-pressure envelope but 
are contained in pressure-tight concrete 
cells vented to the low-pressure gas 
holders in & manner similar to the high 
pressure components 

This 


operation of components for their full 


type of containment permits 


service life, reduces or eliminates missile 
formation and fuel losses, reduces pri- 
mary system working stresses, and al- 
lows arrangement 


equipment giving 


maximum access for maintenance 
Reactor. 


geneous breeder reactor designs have 


Previous aqueous homo- 


incorporated a fixed core tank to sepa- 
The 


replacement of the core tank, necessi- 


rate the core and blanket regions 


tated by rupture or prolonged corro 
sion, is not only extremely difficult, but 
requires that the vessel closure be de- 
signed to accommodate the removal 
of the core tank. The present design 
tank 
small, replaceable, cylindrical blankets 


includes, instead of a core 
The reactor vessel is surrounded by a 


high-pressure containment envelope 
that forms part of the double contain 
ment system described previously 
Over-all height of the reactor is 2044 ft 
and the outside diameter of the con 
tainment envelope is over 1144 ft 

The blanket region of the reactor is 
composed of 14 cylindrical assemblies 
arranged around the periphery of the 
core region These assemblies contain 
ThO--pellet beds, cooled by fuel flowing 
from a ring header below the reactor 
vessel, The fuel leaves the assemblies 
through top outlets, flows down through 
the core region and out of the vessel 

The use of a ThO--pellet bed permite 
a single reactor coolant fluid and avoids 


The 


cylindrical containers are thought to be 


the problems ol handling fi slurry 


superior to a core tank design because 
the container corrosion rate should be 
can be re- 


lower, and the containers 


smaller 
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Engineering Feasibility 


The reference design rests 
that, in the opinion of the 


in part, on extrapolation of data in three areas 


study team, cannot be fully justified at present: 


(a) It was assumed that ceramic thoria pellets will survive the attack of the 


fuel solution over some three 


jears of operation 


The tests supporting this 


assumption are still insufficient, but they are encouraging enough to suggest that 


a thorium breeder using the pellet-hed prin iple can be designed 


(bh) It was assumed that the reactor fuel solution. at the specified concentra- 


tion, will be chemically stable over its design life (some 150 days) at the design 


temperature Uranyl 


to decompose at high temperature 


ulfate is known to hydrolyze in aqueous solutions 


The current data available 


and 


on solution 


stalnlity are not complete, but tests on mockups are encouraging at certain con- 


centrations in light water 
(c) Corrosion rates a 
lifetime were based on teats 


design conditions 


Vo data at all are available for heavy water 
umed for the pur pose of calculating the core solution 
that did not duplicate the severity of the reference 


The study group has concluded that the engineering feasibility of the reference 


design cannot be established until more information is available in each of these 


three critical area 


reactor vessel closure than ould be 
required for a core tank 
Each blanket assembly is de 


be rotated incremental! 


ined to 
about its axi 
by a drive mechanism in order to: (a 
Pa?* 


(thus increasing U? 


neutron absorption 
yield b 


the maximum heat generation rate in 


minimize 
reduce 
lon ilized cor 


the thoria; (c) reduce 


rosion of the Zircaloy-2 containers 


high energ fission frag 
break up the 

the Zirealoy-2, the corrosion 
rate is essentially a function of fission 
Rotation of the is 


will thus expose a given surface area to 


Because 
ments protective oxide 
film on 
density embly 
a lower average fission density 

The assemblies feature short, hor 
zontal flow path length and large, verti 
cal flow cross sections through the pel 
let beds to 


(~15 psi) 


minimize pressure drop 


Roughly speaking thi 
accomplished by using baffles and long 


vertical slots to obtain a folded-hed 


Aqueous Homogeneous Reactors to Date 


The firat aqueous homoge neous 
zero-power reactor of te water boiler 
provide critical mass data, but seriou 


power reactor did not begin until the 


Homogeneous Reactor Experiment at Oak Ridge 


ty pe 


The plate s bounding the 


and 


type design 
pe llet beds 
lots are perforated 


forming the vertical 
Most of the pres 
ure drop takes place through these 
perforations as the fuel flows in and out 
of the pellet beds 


ze ol 


By variation of the 
the coolant flow 
matched to the 


heat 


pertorations 
distribution can be 


ertical and radial variation in 
generation rate throughout each bed 

Calculations indicate that a reactor 
exposure time for the blanket 
hlies should be of the 
After blanket cycle, it 
necessary to remove the 14 


reload the 


Assen 
order of two 
each 
vill be 
irradiated assemblies and 
assemblies packed 
soth the re- 


moval and replacement of blanket as 


reactor with new 


vith fresh thoria pellets 
carrie d out 


, 
emblies must be as com- 


pletely remote operations Reuse of 


the irradiated containers will depend 
upon the corrosion encountered and 
ilso upon the cost of remotely re pairing 


reactor goes way hack to 1948 when LOPO. a 


was constructed at Los Alamos to 


interest in the homogeneous concept as a 


planning and construction of the 1-Mu 


Vational Laboratory in 1941 


After two years of successful operation the HRE was torn down to make way for 


the 5- Uw Homoge neous Re actor 7 eat nov 
HRT has been de laye d by aboul a year by 
Vl 


only other major activity in the aqueous 


scheduled to go critical this year, the 


last-minute stress-corrosion problems 


homogeneous 


being assembled at ORNL Originally 


Vay 1] p 117) 
hield is the 


1t present the 


joint research 


effort by Pennsylvania Power and Light and Westinghouse aimed at establishing 


the feasibility of a full-scale 150-Mw aqueous-homogeneous reactor (NU, Sept.’57, 


p. 166), 


The program was started in 1956 and has cost about $5 million so far. 


In early 1958 the two companies expect lo reach a decision about going ahead with 


the project. 
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also reloading them. 
A detailed study of the best size and 
for the ThO, pellets recom- 
slit-walled 


4g in. long with 4 in. o.d. and 4¢ in. i.d 


and remotely 
geometry 


mended hollow cylinders 

An extensive reactor phy sics study 
was made using modified, two-group 
determine the 


diffusion equations to 


optimum values for core dimensions 
fuel 
taking 


and 


and and thorium concentrations 
both engineering 


The 
physics studies predict that, with the 


into account 
economic considerations. 
chosen design values, the conversion 
ratio for U*** should be very close to 1.0. 
Heat exchangers. ‘The boiler heat 
U-tube, 


forced circulation design in which fuel 


exchangers are of vertical, 
solution flows in on the shell side and 
boiling light water flows out from the 
tube side 

A novel feature of the design is that 
the tube sheet is held in place by the 
In the 
event of a failure in the tubes or tube 


bolted head of the exchanger. 
sheet connections, the tube bundle can 
be removed simply by taking off the 
bolted head and tube sheet brace and 
cutting the seal ring weld. Similarly 
access to the tube sheet for plugging a 
defective tube is had by removing only 
head baffle. Since the 


fuel is on the shell side the exposed sur- 


the head and 
face is not contaminated, 


Auxiliary systems. Arrangements 


have been made to provide for cone- 
fuel 


decontamination 


tinuous purification and remote 

Although most of the radiolytic gas 
is immediately recombined in the core 
by the 


catalyst in the 


action of the sulfate 
fuel 


percentage 18 left uncombined to pro- 


copper 
solution, a small 
ide a sweeping gas for the continuous 


remo il of fission product USCS pri- 


marily xenon and krypton). This un- 
combined gas, together with the other 


yases dissolved in the fuel solution, is 
released to an off-gas system 

Che solids formed in the reactor are 
continuously removed by circulating a 


by pas | 


stream of fuel solution through 
t hydroclone unit similar to those de- 
veloped by ORNL for the HRT. The 
contents of the hydroclone underflow 
pot, 583 liters of fuel solution plus ac- 
cumulated solids, are discharged daily 
to the fuel processing plant 

A system of sprayers is provided in 
each conerete cell for remote decon- 
tamination of the cell and its contents 
with acid, steam baths and water rinses 


prior to maintenance operations. 
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EVALUATION OF A 


HOMOGENEOUS 


REACTOR 


Economic Analysis 


EVALUATING the economic prospects of 
the reference design was a major part 
Working 
under the assumption that the design 


of the study group’s efforts. 


figures quoted for the reference design 
would all prove to be feasible, the group 
made an impressively detailed analysis 
of the various economic factors influ- 


encing total energy cost 


Maintenance Costs 
(sa basis forestimating maintenance 
ts, a general procedure was formu- 
lated from studies of the major mainte- 
operations required, It was 
that 


to most maintenance jobs on 


nanet 
found the following operations 

bpply 

eference design 
1. Open cell a) Isolate and drain 
cell 
hen necessary, (c) Decontaminate 


onent d) Flood Re- 
Rig platform over 


mponent b) Decontaminate 
cell, (e) 
ell cover, (1) 
nee 
Disconnect or open component 
Remove component 
Replace component 
Connect and/or close component 


Decontaminate both component 


7. Hydrostatically test both compo- 
nent and cell 
8. Drain and dry cell 
9. Close cell (steps under 1 in reverse 
e standard operations were used 
timate the man-hours, skill level 
| quantities of material required for 
ijor maintenance job. The re- 
The work- 


time elapsed 


ire shown in Table 1. 
yuurs include only 

cell opening to cell closing. An 
vdditional time of 72 hours should be 
allowed for shutdown and 
Minor 


sts and salvage values of equipment 


startup 


maintenance work, disposal 


ed were not considered. 
Given the individual job charges, the 


year maintenance cost can be calcu- 
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lated by making estimates of compo- 
nent lifetimes and adding the annual 
charges for spare-parts inventory and 
maintenance tools investment. 

There is insufficient data to make ac- 
curate predictions of the operating life 
expectancy of any component in a 
UOS0,.-D# system 
tures, pressures flux levels, concentra- 


at the tempera- 


and corrosive conditions of 


The following, however, are 


tions, 
interest. 
thought to be realistic estimates: 


Life 

Item (years) 
High-head pumps 2 
Low-head fuel solution 

pumps 
Other equipment containing 

fuel solution 
Electrical control equipment 

in highly radioactive areas 
Electrical and organic mate- 

rial 10 
Equipment containing D,O 30 


It may also be necessary to replace 
the reactor vessel and associated equip- 
ment after about fifteen years of 
operation 

The job analyses listed in Table 1 
give an indication of what maintenance 
tools and equipment will be required 
However, the details of tools and equip- 
ment required for remotely maintaining 
the nuclear section of the plant cannot 
be accurately forecast until late in the 
second phase of the research and de- 
velopment program In fact some of 
the require d tools do not yet exist (e.g., 
remote underwater we Iding dey ice) 
estimate of the re- 
different 


equipment 


A preliminary 
listed 
tools 


quirements some 22 


categories of and 
representing a combined investment of 
$1,628,000 


inventory judged adequate for mainte- 


In addition a spare-parts 


nance requirements would include 10 
categories of reactor components and 
would be valued at $2,694,000, 





TABLE 1--Major Maintenance Jobs 


Total 
coat* of 
labor and 
Van 
hours (8) 


material 


Work 


hours 


Item 
replaced 
Steam generator 150 650 238,500 
Steam-generator 
tube bundle 159 720 
Letdown resistor 
set j 17,000 


156,800 


Letdown evapo 
rator 4,000 

Letdown evapo 
rator tube 
bundle 

Fuel tank 

Fuel-tank con 
denser tube 
bundle 700 

Fuel-tank con 

4,700 
600 


denser 
Standby cooler 
Fuel circulating 
pump Ooo 
Fuel-transfer 

pump a 400 
Fuel-return 
pump 000 
DO make up 
pump OO) 
Steam-generator 

valves 000 
Any 


tained valve 200 


single-con 


teactor vessel 
and primary 
fuel headers 2,488 26,250 


* Does not include disposa 


vage value of the equipment 





Adding these contributions together 
the total 
a 520-Mw 
amounts to about $3 million or 4 mills 
kwh at 60% plant factor. The break 
down of this figure is given in Table 2 
By comparison the cost of maintaining 
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annual cost to maintain 


reference-design reactor 





the conventional turbogenerator plant 
is only $77,500. 
maintenance is estimated to 


The outage time for 
average 
57.5 consecutive days or 16% per yr 
The reactor materials and spare parts 
installed each year include four fuel- 
circulating pumps ($800,000) and on 
titanium fuel-return pump ($500,000 
It is assumed that these pumps, plus 
other equipment ($506,890), will be 
replaced annually with new equipment 
and that the used equipment removed 
because of 


will have no salvage value 


induced radioactivit) Eventually it 
may be feasible to replace worn parte 
However this could not be assumed in 


the economic evaluation 


Fuel Costs 


Fuel costs were calculated using the 
figures given in the table on p. 66 
The following items made important 


contributions to the calculated fuel 


cost: 





TABLE 2 Maintenance Cost Summary 


Coast 
(810° 


year 


Labor (no overtime added 
Supervision (10 men 
Skilled (45 men 
Unaskilled (48 men 
Miscellaneous (14 men 
Overhead 


Moterial and spare parts in 
stalled per year 
Steam generator tube bundle 
(2) 
Fuel circulating pump (4 
Transfer pump ('5 
D,.O make-up pump (49 
Fuel return pump 
Valves and operator 
Material and breakage 
rotal 


Inventory on spares @ 6° 


Capitalization of tools and 
equipment @ 13.9% 
Conventional plant maintenance 
Lubrication 
Supplies and breakage 
Structural material 
Piping material 
Turbine-generator material $3.5 
Electrical material 5 
TOTAL 3,275.5 
or 4.14 mills/kwh (60% capacity factor 
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Why a 60% Plant Factor? 


One reason why the study group's cost figures look pessimistic is that the 


figures are based on a 60% plant factor rather than on the usual 80%. 


The 


group points out that the average plant factor for conventional steam plants in 


the U. 


S. is only 54%. 


This figure comes about because a plant, which 


normally operates at 80% when new, is used less and less as it becomes out- 


dated, 


The group feels that the same thing will hold true for nuclear plants 


and that a 60% plant factor is actually slightly optimistic. 





* D.O inventory and losses. Assum- 
ing (a) a D,O list price of $62/kg; (b) a 
nondepreciating fixed charge of 12.6% 
on the DO investment; and 
annual D.O loss of 5%, 


D.O0 inventory and loss is $2,213 per 


(c) an 


the charge for 


calendar day. 


© Fuel inventory. The fuel inventory 


charges include interest charges on the 


fuel in the core and primary system 


and the cost of fuel burned in the core 


to establish the U*** in the blanket. If 
a cooling period of 100 days is allowed 
for both the irradiated core and blanket 
material, and the U** 
taken at 364 kg (at $15,000/kg urany! 
nitrate), then, for a one reactor station, 
the fuel $598 


day lor 


inventory 1s 


charges are 
520-Mw 


the same site, the charges would be re- 


inventory 
three reactors at 
duced to $472/day for each reactor 

® Blanket assembly. The estimated 
cost of each blanket assembly is $34.- 
640. If 


every two years and inventory charges 


14 assemblies are written off 


ire made for a reasonable number of 
spares, the blanket assembly cost comes 
to $632/day at 60% plant factor. 

@ Chemical processing. 
methods of chemically processing the 


Two possible 


fuel solution and blanket material are 
Method I 
technology of 


and 2. 
known 


shown in Figs. | 


utilizes only 
chemical separation with very little de- 
velopment work needed. The capital 


investment is quite large, however, 
since all processing 18 done at the re- 


Method I] 


appears quite 


actor plant site. uses a 


scheme which feasible 
and requires low capital investment 
but it remains to be proven by chemical 
and engineering development 

In both methods, the fuel solution is 
processed at the reactor plant site 
Shipping the core solution to an off-site 
central chemical processing plant does 
not appear feasible with present-day 
operating standards 

The 


presented in 


chemical processing costs are 
Table 3. The 
Method II is 


clearly shown. The reason for this ad- 
that the off-site blanket 


Cco- 


nomic advantage of 


vantage 1s 


Method II 


plant for 


processing of permits a 


cheaper on-site core-fuel 
processing with shorter fuel holdup 
® Minor contributions. 


minor items (see Table 3) contribute to 


A number of 


a total charge of $477 per day 

The total fuel-cost figures are sum- 
Table 3. The 
mills/kwh 
a single 520- 


marized in costs are 


broken down in for three 
different 


Mw reactor using Method I; (b) a three 


situations: (a) 


520-Mw reactors station using Method 
I; and (c) 
using Method II 


a single 520-Mw reactor 





TABLE 3-—-Fuel Cost Summary 
Ville /kwh 


Minor Factors: 
Thorium burnup 
Thorium inventory 
ThO, fabrication 
Fuel losses in 

processing 
Hydroclones 


Subtotal 


Major Factors 
1).0 inventory 
and losses 
Blanket assembly 
Subtotal 
Fuel Inventory 
520 Mw station 
Method I 0.27 
1560 Mw station 
Method | 
520 Mw Station 
Method II 
Chemical Processing 
520 Mw station 
Method I 
1560 Mw station 
Method I 
520 Mw station 
Method II 


0.766 


5.00 2.90 2.59 


Total fuel costs 
*If irradiated ThOs cannot be refabri- 
cated, thorium consumption would be 0,121 
mills /kwh 





October, 1957 - NUCLEONICS 











Hydrocione 
Reactor 
fuel 
solution 


Solids 
removal 


563 1/ 
5549 U/day 























Solids 
8 kg/day 
Losses*8g U*™/doy 





Storage 
to aliow 
adioactive 
decay 
100 doys 


Reactor 
blanket 
assemblies 


— 


17,850 kg/Th 
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FIG. 1. Method | processing flow diagram. 


Total Power Cost 


In addition to maintenance and fue! 
the total cost of a kilowatt-hour 
produced by the reactor will 


cost 
of energ' 
include fixed charges on the reactor and 
generator plant investment and oper- 
ating charges 

Plant investment charge. The fixed 
charges for both the reactor and turbo- 
generator plant facilities were assumed 
to be 
This 


lifetime of 


13.9% of the invested capital 
figure is based on a depreciation 
30 years. The non-depreci- 
ating land investment was charged at 
12.6° 


rhe 


wit! 


investment estimated for a plant 


one 520-Mw reactor is 


Thermally decompose in 0,S0, 


0b, 80 








Storage 
to allow 
rodioactive 
decay 
100 doys 
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precipi 
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Both fuel solution and blanket material are processed on site 


Reactor components $21,995, 100 

Erection of equipment 
at site and freight 4,000,000 

Reactor buildings and 

7,987, 


structures 300 


Reactor plant invest- 


ment $33,982,400 


The estimated cost for 
the 


follows 


investment 


turbine-generator plant is as 


Land, site development 

$ 3,308,800 
7,691,200 
11,375,700 


and buildings 
Turbogenerator 
Other equipment 


Turbog nerator piant 


investment $22,375,700 





558g of Uday 





} UO, 








one 
Solids 


removal 
and 
concentro- 
tion 


Reactor 
UO, 


fuel 


solutior 
. tion 


00 1 











precipita 


oe 


ao 


Solids 0,0 
separation recovery 


= 

















583 | doy 





fT  Gerne,0, 








Reactor 
bianket 
ssembilies 


FIG. 2 


17,850 kg of Th 





Storage 
to allow 


Liquids to waste 1.49 U"**/day 
Solids to woste 

(8 kg/doy) losses 8.09 U"*/ day 
Total loss = 9.4 g U"""/day 





radioactive 
decay -!00 day 








Method Il processing flow diagram. 


Blanket material is sent to central plant 
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central 
processing 
plont 


: 


Only fuel solution is processed on site. 


The total plant investment is then 
$56,358, LOO 

For 150,000 kw of electrical output, 
this represents a unit investment cost 
of $376/kw. With a 60% plant factor 
the contribution to the energy cost of 
these fixed costs is 9.9 mills/kwh 

Operating costs. The 
staff for the nuclear power plant, in 


operating 


cluding the reactor system and turbo 
generator plant but excluding mainte 
nance labor and processing plant staff 
is estimated at 40 people. The annual 
cost for a staff of this size would be 
about $310,000 or 0.4 mills kwh 
These costs added together with the 
maintenance and fuel costs calculated 
previously give a total energy cost of 
19.4 mills/kwh, assuming a 60% plant 
factor. A detailed the 
various contributions is shown in the 
This figure is for the 
520-Mw 
using Method I fuel processing (on-site 


sumimar ol 


table on p. 65 
operation of a single reactor 


blanket processing). If a single pro 
essing plant were to serve three plants 
150,000 kw the 
energy would be reduced to 17.4 
mills/kwh, If the blanket 
materials were shipped to a large cen 
the energ) 
17.4 mille/kwh 

No provision has been included in 
the 


any 


totaling on one sit 


cost 
irradiated 
tral processing plant cost 
for one reactor would be 
cost estimate tor 


above energy 


extraordinary insurance 


expen 
accident liability o1 
Also not included is 


10,000,000 additional! 


against nuclear 
property damage 
an estimated $5 


cost for research and development 
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FUEL REPROCESSING SERIES—I 


Fuel Reprocessing 
by Aqueous Methods 


By EDWARD L. ANDERSON, Jr. 


Division of Reactor Developme nt, U.S. Atomic Energy Commission, W ashington, nm ¢ 


Military requirements led to constructing in 1948 the production and proc extraction chemistry and engineering 
essing plants at Hanford, Washington, for obtaining plutonium from natural on efficiency and costs 
uranium The later requirement to handle irradiated enriched uranium neces- Redox process. The Redox process 
silated building the chemical processing plant at the reactor testing station in is characterized by the use of hexone 
Idaho. To date, all U.S. fuel reprocessing needs are fulfilled at these sites methyl isobutyl ketone) as a solvent 
Vow, the increasing number of proposed reactor designs involve an increas (extractant) and aluminum nitrate for 
ingly large number of fuel type l'o provide economic processing has become salting. In initial operation, packed 
an engineering problem of the first magnitude columns were used as contactors. Fig- 
Because of the importance of fuel reprocessing and stimulated by the recent ure 1 shows the flowsheet in general 
substantial release of information by the AEC, NucLHONICS asked the author outhne 
lo prepare this definitive and comprehenswe series that will cover aqueous proc Many variations of this basic ap- 
essing, volatility and pyrometallurgical methods, high-level waste disposal and proach are possible These depend on 
processing economu the choice of such factors as acid con- 
centration or pH of the feed solutions 
Special cleanup steps can be included 
at the beginning or the end of the proc- 
FUEL REPROCI ING began as the sepa riding, however, new processes based ess to increase decontamination from 
ration and purification of plutonium for on solvent extraction rather than pre specific fission products Packed col- 
military purpose the first plutoniun cipitation have been developed that umns were used because of experience 
being separated on the ba of the permit recovery of both U and Pu with them at the time 
“‘bismuth-phosphate precipitation These processes require the conversion Purex process. The Purex process, 
process in 1944 Thi li in per of solid fuel material to an aqueous feed the successor to Redox. is characterized 
spective, stands as one of the all-time in a nitrie-acid system The nitrate by its use of TBP (tributyl phosphate) 
great achievements of chemist und olutions are contacted with an organi extractant diluted with a hydrocarbon 
chemical engineer Facilities costing solvent in a countercurrent system diluent and high concentrations of 
hundreds of millions of dollars were using packed or pulsed extraction col itric acid as a salting agent (increasing 
constructed and operated on the | umns or mixer-settlers. Solvent ex nitrate-ion concentration causes ex- 
of chemical research efforts invo gy traction, modified to handle fuels in tractable nitrate salts to transfer from 


at first only micrograms of material corporating such materials as zirconium aqueous to organic phase) 


and, even at the later stage ( lo ind stainless steel, is the backbone of The general flowsheet differs from 


ment, never more than milligram current fuel processing that in Fig. 1 in that the partitioning 
amounts. The product as separated , . of Pu occurs in the IT cycle after a co- 
was extremely pure, containing onl) Processing Chemistry decontamination of Pu with U has been 
parts per million of the uranium and of The original solvent-extraction proc- made in the I cycle. Once again, a 
the forty or more fission-product el ess, the ‘‘ Redox” process, was operated third cycle can be used on each product 
ments originally associated with it for the first time in 1951 after extended separately if desired. Chemically, the 
Under pressure of wartime urgency, no laboratory and _ pilot-plant develop- process chemistry centers around 
effort was made to recover the uraniul ment work. A discussion of it and of Pu(IV) and Pu(III), the former being 
fertile material, and, with this limita the improved “Purex” process that satisfactorily extractable in the TBP 
tion, the BiPO, process was satisfactory followed will be of value in showing the system while the latter, as _ before, 


As normal economics became over influence of various aspects of solvent- forms less extractable species. 
| I 
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be shown, concurrent with 


As will 
the development of Purex, significant 


improvements were made in solvent- 
extraction engineering with the devel- 
opment of pulsed columns and mixer- 
settiers In addition, however, several 
flo@sheet advantages are also signifi- 
Hexone in general, 
because of the limited stability of the 
solvent in the presence of high-concen- 
>1M) 


aluminum nitrate as a salting agent. 


cant processes 


tration nitric acid, require 
This leads to I-cycle waste streams con- 
taining large amounts of inert Al(NOs)5; 
this limits the degree to which these 
wastes can be evaporated for storage. 

As will be shown in the third article 
in this series, waste storage is one of the 
most economically significant portions 
of the fuel-reprocessing cycle, and the 
influence of these larger volumes on 
costs ¢ In 


BP processes, smaller proportionate 


in become quite important. 


waste volumes can be attained with 
simultaneous recovery of a large frac- 
tion of the HNOs used in processing 
Another advantage is the higher flash 
TBP-diluent 


greater plant safety. 


point of mixtures and 
thus it 
Ad 


tion capacity obtained with TBP as a 


sadvantage is the lower extrac- 
result of its dilution with inert mate- 

However, this is more than com- 
pensated by its greater flexibility with 
high-acid 
tant in the processing of fuel materials 
Zt 


icid solutions if stable solutions are to 


flowsheets. This is impor- 


ontaining which require highly 
naintained 
In the 


decontat 


ney 
tedox and Purex processes, 
‘ination is excellent with re- 
pect to most fission products, because 
For 
Zirco- 


relative inextractability. 
of reasons, ruthenium 
almost invari- 
To it 
lesser extent, all three ele- 
ibit 
plicated polymerization and 


ind niobium 


contamination-limiting. 


are 


iter or 
} 


tendencies toward slow 


Ruthenium in particular, 
iuse of the slow equilibration 
its 
subject to irreversible reac- 


veen various oxidation 


nd, though considerable effort 

1 expended in an attempt to de- 

nemistry 
ol 


nation is considerably com- 


process information 
an empirical nature. 
the effects of “crud” ecarry- 

h arises from trace impuri- 
etallurgical-bonding constitu- 
released during 
While ordi- 


such as silica 


fuel-« ent dissolution. 
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narily such impurities could be easily 
removed by filtration or centrifugation, 
these operations are considerably more 
difficult 
tions of remote operation 


and expensive under condi- 
The par- 
ticulate matter frequently carries ad- 
sorbed colloidal 


thought to be at least partly responsi- 


or material and is 
ble for the less-than-anticipated decon- 
tamination factors obtained 

Enriched fuels. 
usually used in a highly alloyed form 


Enriched fuels are 


to meet the requirements of heat trans- 
fer and long-term structural integrity, 
which be the 
high power densities of undiluted fis- 
sionable material. Such diluted fuels, 
if they are directly soluble in HNOs,, 
can be processed using modifications 


would unattainable at 


of the Redox and Purex flowsheets 
Because of the small amount of U*"* 


in highly enriched fuels, the amount of 
Pu produced is small and its recovery 
is not economically justifiable. Under 
these conditions Pu is disearded with 
the hot the first column 
the Pu 
purification columns are not required 


waste trom 


and partitioning and later 


As will be seen, however, this sim- 
plification of process engineering is off- 
set by the difficulties associated with 
maintaining nuclear safety in systems 
containing large quantities of fission- 
able material (1). The conflict arises 
because all the various approaches to 
nuclear safety that can be applied to 
of batch 
size or use of always-safe geometry or 
tend to bt 
limiting on throughput. 

Thorium processing. 


essing is basically similar to the 


processing, namely control 


concentration, severely 


Thorium proc- 
Purex 
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Generalized solvent extraction flowsheet. 
dissolved in HNO;, adjusted to proper acidity and concentration. 
column, it contacts light, ascending organic phase that is immiscible with water, 
U and Pu in certain oxidation states form organic complexes, which, under 
influence of “salting agent,” transfer into organic phase. 
phase containing relatively inextractable fission products and fuel-element con- 
Extracting organic, after being “scrubbed” or 
washed of fission products that follow product stream, passes into partitioning 
Here Pu is selectively reduced to Pu (ill), which forms much less extract- 
able species and transfers quantitatively back into new aqueous phase. U 
remains in organic and passes into third column where, by adjusting HNO, con- 
centration, U is re-extracted or “stripped” into another aqueous phase. U 
and Pu are now in separate aqueous streams, each contaminated with ~0.01 
of gross fission products originally present. 
val fission product elements depends on their individual chemistries. 
ther purification, separated U and Pu streams are recycled 
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Generalized Solvent-Extraction Flow Sheet 


Irradiated feed material is 
In I-cycle 


Descending aqueous 


Degree of separation of individ- 
For fur- 


Plutonium 
nitrote 





process, but significant differences are 


observed because of certain aspects of 
thorium and protactinium chemistry 
and the 
Th-Pa-U 
As Haas 
served (2): 


nuclear properties of the 
chain 

and Smith have ob- 
1. The use of fluoride as a dissolu 


tion catalyst introduces a corrosion 
problem in the dissolvers and the first 
extraction column. By requiring the 
use of aluminum in the first extraction 


section to complex fluoride ion and 


thereby decrease corrosion, column 
capacities are reduced and waste vol 
umes are increased 

2. The extractability of the Th-TBP 
species is lower than that of the corre 
sponding U complex. Furthermore 
the solubility of the complex is limited 
by the formation of a third, complex 
joth these fac 
tors limit the extraction capacity of the 


relative to the 


rich organic phase 


contacting equipment 
U system. 

3. Pa***, the precursor of | 
half-life of 27 days. In the U-Pu sys 
tem, the Pu®”® precursor, Np?**, has a 
half-life of only 2.3 days. In the latter 
case a decay storage period after irra 


has a 


diation of perhaps 30 days permits the 
essentially complete recovery of bred 
Pu***, (In practice, a storage period 
of 90-150 days has usually been taken 
later In the Th 
system, the fuel must be cooled for a 


as will be shown 


period of the order of a year to attain 
the same percentage percursor decay 
thus giving rise to higher inventory 
charges. Shorter cooling 
to that of the U 
separation and storage of the as-yet 
with 


comparable 
system, requires the 


undecayed Pat ubsequent re 


Zr-U,Th fuels 


Hydrochlorination 
330-600°C 


ee 


Residue 
UCI, THC, 


Zr Clay 








Aqueous 
dissolution 


H,0—>} 


FIG. 2. Zircex Head-end Process. 





perature (4). 
residue. 


stripped of HCI by distillation with concentrated HNO,. 


uct is suitable for normal extraction tailend 
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ZrClg solid storage 
Aqueous distiliote 
HCI 


Distillation 


U or Th clad or alloyed 
with Zr is contacted with anhydrous HCI gas at elevated tem- 
ZrCl, volatilizes, leaving nonvolatile UCI, or ThCl, 
Residue is dissolved in water and countercurrently 


treatment to recover grown-in uranium 
The Pa itself contributes significantly 
to the problem of obtaining adequately 
decontaminated Th and U. It is a 
significant contributor to the beta and 
gamma activity and, in addition, be- 
haves poorly in extraction 

4. Several nuclear side reactions are 
important in the thermal Th system 
The most important is one that leads 


to the formation of the U**? chain 


8 
Th?*2(n,2n)Th*4*! ——— Pa* 
25.6 br 


“ 


(n,y)Pa?** TP; 
Be 


The U* 
turn 


which in 
Th decay 
The Th?* 


and U*** isotopes present at the time 


decays to Th? 
the 
series, terminating in Pb?* 


follows natural 


of processing are naturally carried 


through with the Th and [ 
giving rise eventually to the Bi?! 


products 
and 
Tl? intermediates in the decay chain 
the beta 
gamma activity of both the final prod 
ucts If 
and recycled to a reactor 


which contribute to and 


thorium is to be recovered 
system, the 
problem of handling it “hot” in ton 
nage quantities will be 
The best 


short-cooled 


Important 
compromise appears to be 
processing to minimize 


thorium activity, followed by prota 


tintum stream storage and retreatment 


Processing Engineering 
Preparation of feed to the solvent 

extraction columns involves a number 

These 


tion of the fuel to and from storag 


of steps. include transports 
its introduction into the dissolver, the 
dissolution itself and the subsequent 
final feed adjustment before introdus 


tion to the columns 


Desublimer 





UO, (NO. ly HNO. 
2 3 3 
solution to 


2M HCI 


solvent 
extraction 5M HNO, 


FIG, 3. 


Darex 


Prod- 


sent to rectifier and recycled as dissolution agent. 
mixture is stripped of HCI by HNO, distillation; HCI is recycled. 


After preliminary cooling at the re- 
actor site to take partial advantage of 
the initial exponential decay of the 
fission-product heat and high-energy 
gammas, the fuel elements are shipped 
to the processing site in large lead 
casks 
storage history, the casks may require 
While technically 
simple, an optimization of fuel ship- 


Depending on irradiation and 


auxiliary cooling. 
ments is usually required because of 
the high costs involved in handling the 
10-20 tons of lead that are required to 
shield the fission products from a few 
hundred megawatt-days of operation. 
the 
casks is, of course, just as expensive. 


The return shipment of empty 

At the processing site, uranium fuels 
are cooled for 90-150 days, partly to 
decrease heat and radiation effects on 
process chemicals and partly to take 
advantage of the decontamination from 
Ru and Zr obtained in isotopic decay 
This extra storage period would be re- 
quired in any event to permit the de- 
cay of the reactor-produced U*", which 
would make the recovered fuel too hot 
for direct handling and fabrication. 

Batch dissolution. Of the feed- 
preparation steps, the most important 
engineering problem is the design and 
operation of the 
The so-called “batch-dissolution” tech- 
niques were the first to be used. 

In this 


batchwise to the dissolver vessel, acid 


dissolver vessels 


operation, fuel is added 
is added, and by control of tempera- 
ture and time the appropriate quan- 
tity of fuel is dissolved. The solution 
is transferred to feed-adjustment tanks, 
and, after samples have been taken 
and analyzed, the material is fed con- 


tinuously to the columns 


























Yi Feed - adjustment 4 
evaporation 
Solvent extraction 


Head-end Process. 
fuels are dissolved integrally in 2M-HCI-5M-HNO, solution (4). 
Off-gases, HCI and HNO, oxidation and reduction products, are 


Stainless-steel-uranium 


U-HCI-HNO; 


Nitrate system goes to extraction 
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Size comparison of solvent-extraction contactors. 
reduced contactor size through higher efficiency. 


fe ee ae me 


20'x10' 


Mixer 
settier 


Pulsed extraction column 
Most compact contactor achieved 


with mixer-settler (diagram courtesy of Hanford Atomic Products Operation) 


Several complications tend to make 

operation relatively uneconomic 
it is usually desirable to main- 
heel’ 


that 


in the dissolver, a heel 
that 
and is thus car- 


quantity of material 
undissolved 
ver into the 


next fuel addition 


ssolution step Rate of dissolu- 


proportional to surface area 


maintaining a larger quantity of 
n a dissolver than is dissolved in a 
en batch, the average quantity dis- 
ved per day can be substantially 
increased 

Unfortunately, it is not easy to 
urry such an approach as far as one 
would wish because of criticality re- 
strictions. In actual operation of 
batch dissolvers with fuels other than 
natural uranium, careful control of 
ob- 


fuel 


and 


heel size must be maintained by 


erving the difference between 
and the 


juantity ol 


harged concentration 


dissolver solution with- 
In practice, the statistical un- 
with this differ- 


given 


irawn 
ertainties associated 
rease Aas & dissolver Is 


ed When the 


mes too large, a cleanout is required 


uncertainty be- 


n whict the heel alone is dissolved by 
pecial acid treatment 
The 


continuous dissolution was re 


Continuous dissolution. 


cCon- 


nt of 


} 
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AEC in an 
dissolution 


cently developed by the 
the 
an approach is made to 


the 
This, in 


attempt to 
In it 
might be 


optimize 
cycle, 
what considered maxi- 
the 


limit, corresponds to the dissolver solu- 


mum dissolution rate 


tion dissolving an infinite heel just long 
enough to attain the proper concentra- 
tion of the dissolved material 

Nuclear safety can be maintained by 


choice of “always-safe-geometry”’ dis- 


solver-vessel size and shape. For ex- 


ample, long columns under about 5-in 
diameter cannot be made critical under 
enriched mate 
100 % 


proportionately 


any conditions, and, if 


rial is being used, less than 


enrichment permits 


larger column diameters In other 


words, it is obtain sub- 
stantially 


puts per unit volume of dissolver ves- 


possible to 
higher dissolution through- 
units would be 


sel, though multipl 


required to dissolve very large quanti- 
ties of a given fuel 

An improvement in throughput by 
a factor of 15 has been estimated (3) 
between continuous and batch dissolu- 
tion for one type of fuel. It is obvious 
that this 
volume of equipment will reduce capital 
costs of cells as 


substantially operating costs 


then substantially smaller 


associated well a8 
lower 
Other advantages ace 


ruing to con- 


tinuous dissolution are not as obvious. 
Continuous dissolvers tend to be self- 
For 
that might lead to higher-than-desired 
effluent 


offset by a corresponding decrease in 


compensating example, upsets 


concentration would be s00n 


heel, which in turn would lead to 
less metal dissolving in the given time 
of contact. Self-compensation, when 
associated with relatively flexible chemi- 
cal flowsheets, leads to lowered feed- 
adjustment analytical cost and mini- 
mizes the need for preextraction holdup 
tanks. 


significantly to over-all operating costs 


Analytical costs can contribute 


Holdup tanks would ordinarily be sev- 
eral times the size of the dissolver ves- 
els and, because they also involve the 
hottest the 
cycle, would require substantially larger 


solutions in processing 
cells and construction costs 

The feasibility of continuous dissolu- 
tion and to a lesser extent, batch dis- 
affected by 
differences in fuel shapes as well as 

that 
slugs cannot 


solution can be senously 


composition, Dissolvers have 
been designed for 7-in 
readily be adapted to 7-ft slugs without 
some type of mechanical pretreatment 
Continuous dissolution is somewhat 
more sensitive to this problem because, 
if always-safe geometry has been used 
in dissolver-vessel design, the accepta- 


pieces are more severely limited 


sizes and shapes of dissolvable 
Solvent-extraction contactors. As 
would be exper ted consid rable effort 
has been directed toward development 
of new and improved solvent-extrac 
tion contactors, The packed columns 
used for Redox were investigated care 
fully to establish the relations between 
column diameters, extraction efficien- 
cies and capacity with this new chemi 
that 


Raschig-ring packing, satisfactory sepa- 


cal system. It was found with 
rations and recoveries could be achieved 
20-50 ft To 


minimize construction costs, these col- 


using columns high 
umns were located together in a special, 
tall portion of the process building 
Coincidental to the development of 
the Purex flowsheet, the pulsed column 
was perfected and was soon selected as 
the 
this 


superimposed on the over-all upward 


more satisfactory contactor In 


equipment, a cyclical pulse is 
travel of the lighter organic phase and 
the simultaneous downward flow of the 
heavier aqueous phase. A substan 
tially more rapid equilibration between 
the two phases is obtained by forcing 


the dispersion back and forth through 
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continually 
into the 


sieved plates, in this way 


dispersing organic phase 


aqueous, One great advantage of such 
a system is the shorter columns per 
mitted by the more efficient extraction 

The nearly simultaneous develop- 
ment of the so-called mixer-settler 
carried this shortening to its extreme 
In the simplest form of this equipment, 
motor-driven stirrers in the mixer se« 
tions intimately mix the two phases 
after which they are allowed to sepa 
rate and coalesce in the settler sections 
As can be seen from Fig. 4, this type of 
equipment permits the most compact 
arrangement of contacting equipment, 
but it is felt’ by 


somewhat greater problems of remot 


many to introduce 


operation and maintenance due to its 


more elaborate nature Jecause of 


the more compact form somewhat 
greater problems are introduced in de 
signing plants for the processing of en 
riched uranium or 


the inadvertent assembly of a critical 


plutonium where 


mass must be guarded against at all 
This, of 


example of the types of compromises 


times, course, is another 
that must be made, in this case between 
compactness (and thus minimum capi 
tal cost) and the correspondingly in 
creased problems of criticality, more 
limited maneuverability and access for 
maintenance. 

In practice, while the influence of 
considerations on 


criticality control 


plant capacity is felt in the extraction 


contactors themselves, safe design of 


the associated dissolvers, storage ves- 
sels and evaporators can put even more 


severe restrictions on throughput 


“Head-End” Concept 


Purex and Redox their 
tions proved quite satisfactory for fuels 


and varia 
having uranium and aluminum as the 
basic components, either as alloyed 
material or as clad natural uranium 
With the gradually increasing interest, 
however, in zirconium and stainless 
steel fuel types, which began around 
1949 under the military reactor pro 
grams, the processors were faced with 
a new and difficult problem 

The Nautilus submarine fuel has as 
its main component zirconium, and the 
Seawolf fuel has stainless steel. Neither 
of these materials is soluble in pure 
nitric acid, zirconium requiring liberal 
amounts of hydrofluoric acid for dis- 
solution and stainless steel requiring 
sulfuric acid. Unfortunately, both of 
these chemicals are severely corrosive 
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to stainless steels of the type that were 
already in use in the processing plants. 
Due to the huge backlog of techno- 
logy available on solvent extraction 
with nitric acid systems and the rela- 
tively short time available for process 
development, it was decided that solv- 
ent-extraction processes would have to 
serve a8 the basis of processing for 
the Nautilus and Seawolf in spite of 
this disadvantage. This requirement 
led to the development of the so-called 
“head-end”’ processing concept. 

A “head end” can be considered as a 
preliminary pretreatment or dissolu- 
tion step, using whatever reagents and 
corrosion-resistant materials are re- 
quired, such that a pure nitric acid 
prepared 
from the pretreated material. On this 
possible to utilize known 


medium can eventually be 


basis it is 
technology and existing plant equip- 
ment in the first eycle or in the second 
cycle at the latest. This latter portion 
of the plant, consisting primarily of 
extraction columns, is common to all 
headends 

STR head-end process. In _ the 
STR process, devised for the Nautilus 
fuel, the 
proximately 


dissolution medium is ap- 


7M 


The dissolution takes place in a Monel 


hydrofluoric acid. 
dissolver, Monel being chosen by vir- 
tue of its high resistance to attack by 
fluorides, 

After dissolution, aluminum nitrate 
is added. The aluminum and the dis- 
solved zirconium strongly complex the 
fluoride ion, making the solutions only 
slightly corrosive to stainless steel. In 
this complexed condition the feed solu- 
tion can be handled in more-or-less 
conventional equipment for the usual 
three cycles of solvent extraction. 

It should be noted that this process 
is suitable only for material having less 
weight 


than 2% over-all uranium by 


in the uranium-zirconium mixture 
This is because of a delicate solubility 
balance that exists in the hydrofluoric 
acid dissolution step 


SIR head-end process. Th 


wolf fuel has stainless steel as a princi- 


Sea- 
pal component. Thus, sulfuric acid is 
the most desirable dissolution medium 
After dissolution of the stainless steel, 
nitrie acid is added to dissolve the ura- 
nium oxide, 

Feed adjustment 
nitric acid leads to a primarily nitrate 
This 


plus operation at ambient rather than 


with water and 


solution, less-corrosive system, 


boiling temperature, again permits the 


use of standard first-cycle, stainless- 
steel equipment. 

Universal approach. With the ad- 
vent of the power reactor demonstra- 
tion program and an increasing num- 
ber of proposals for industrial reactors, 
the types of fuel elements proposed be- 
came large. From the viewpoint of 
the processing chemist, they became 
legion because of the great significance 
that slight changes in alloy percent- 
ages, additives, ete., can have on dis- 
solution chemistry and even on process 
feasibility. 
claddings, alloys and bonds have been 


Various combinations of 
proposed, using aluminum, stainless 
steels, zirconium, molybdenum, nio- 
The fertile and 
include thorium 


bium and ceramics. 
fissionable materials 
as well as uranium and plutonium. 

Recognizing the almost unlimited 
permutations and combinations of fuel- 
element design factors, the AEC has 
tried to develop as nearly universal 
processing methods as possible, Proc- 
essing-plant cost estimates are $5-35- 
million, depending on capacity and de- 
Individual head 
ends, feeding to a common tail end, 
can cost $500,000 to $2,000,000 apiece. 


these conditions, it is obvious 


gree of versatility 


Under 
that attaining high versatility can re- 
sult in substantial capital savings. 

A great many chemical techniques 
have been examined by the national 
laboratories and contractors in the 
past few years to attain this versatility. 
At this time, the aqueous head-end 
pretreatments that seem most nearly 
to fulfill the requirements are those 
based on (a) mechanical handling and 
(b) the Zircex process or the Darex 
These 
what follows. 

Mechanical handling. Mechanical 


handling operations are usually an im- 


process, will be discussed in 


portant preliminary to fuel-element 
dissolution and will probably be re- 
quired in one form or another before 
any chemical head ends. 

A common requirement is that fuel- 
element end-boxes or auxiliary pieces 
be removed from the fuel portion of an 
assembly Frequently, cutting is re- 
quired merely from size considerations 
Several commercially available ma- 
chines have been tested for these pur- 
poses, and it appears that they can be 
made suitable with only minor modifi- 


cations. In many cases, cutting of 
fuels will permit leaching of solubie core 
materials from fuel elements that are 


not amenable to easy, integral dissolu- 
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Here, how- 
ever, the new problem of removing and 


tion of cladding and core. 


storing ¢ ladding pieces arises, 


Often it is very advantageous to 
physically segregate portions of a fuel 
element on the basis of chemical in- 
compatibility. For example, the fuels 
most commonly considered at this time 
tend to fall into either a broad zirco- 
nium-niobium or a stainless-steel class, 
the matrix 


may be of one type with structural or 


though occasionally fuel 


cladding material of the other. Chem- 
ical treatment is greatly simplified if 
both 


substances need not be treated 


chemically because different materials 
in the construction of 


The de- 


velopment of reasonably universal de- 


must be used 


each of the dissolver vessels. 


cladding or segregating devices seems, 
to be a difficult task. It is 
doubtful if such techniques will be use- 


however 
ful until a greater standardization of 
fuel types occurs. 

Two chemical head ends currently 
showing considerable promise are the 
so-called Zireex and Darex processes. 


Zircex is 


processing, 


associated with zirconium 
and the name 
the dilute 
used as the dissolution agent. 

Zircex. Figure 2 shows a schematic 
Zircex head end. 


present state of development, is re- 


Darex is 


derived from aqua regia 


The process, in its 
garded as promising for dejacketing 
clad metallic or oxide elements before 
the 
longer range, however, it is hoped that 


aqueous core dissolution. Over 
it will be suitable for highly alloyed Zr 
fuels, in which case integral decomposi- 
tion of alloy and jacket will be possible. 

Such a scheme also has another ad- 
vantage in enriched-fuel processing in 
that the diluent, which comprises the 
bulk of the 
separated from the system before in- 
troduction of the U 


material to be treated, is 


to the extraction 
most high-enrichment 
the 


and thus the throughput of a 


columns. In 
fuel concentration of 


the | 


processing 


column, is determined by the 
concentration 
diluent material, not the U it- 


aqueous solubility and 
of the 
self. Small columns, well within al- 
vays-safe geometry limits, have very 
arge capacities in terms of Mwd of 
heat equivalent when U concentration 
ilone 18 limiting 

The ZrCl, is also separated from fis- 
this 
While it may or may not be economical 
5-10 


this treatment may per- 
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sion products by 


procedure. 


ver the zirconium after 


1CCaAY 


mit less expensive waste handling be- 
cause of the lowered volume of mate- 


rial requiring storage over a period of 


several hundred years. 

Particulate 
of the 
heterogeneous 


the re- 
the 
are 


handling and 
heat 


solid-gas 


moval produced in 
reaction 
the areas of Zircex processing now un- 
der the most intensive investigation. 
Darex. the 


Darex process. This system is highly 


Figure 3 illustrates 
regarded for both high- and low-alloyed 
fuels. The same equipment can prob- 
HNO, dissolutions 
and Al-U fuels. 


ably be used for 


of conventional | 


Ultimate Processes 

Many different 
considered to achieve aqueous head- 
Atten- 
tion has been given to integral elec- 


ideas have been 


end dissolution universality. 
trolytic dissolution of Zr and stainless 
fuels; chemical dejacketing of Zr fuels 
with HF and of 
H.SO,; integral dissolution or dejacket- 


stainless fuels with 


ing in molten metals as a predissolu- 


tion dissolution in fluoride- 
sulfuric-acid 


carburization of 


step; 
mixtures; pretreatment 
stainless steel; and 
hydriding, nitriding or oxidation of Zr 
fuels. 

Many other ideas have been inves- 
tigated in a less thorough fashion. 
Some of these appear to have excellent 
potential. In addition to the successes 
in engineering of mechanical handling 
and continuous-dissolution equipment, 
progress is being made with respect to 
in-line instrumentation and improved 
contactor development 

Analytical requirements constitute 
a large fraction of plant operating ex- 
penses. Even on a prorated basis as 
part of a larger nuclear-plant complex, 
they can contribute substantially to 
capital costs. These plant analytical 


requirements have, of course, been 
aggravated by the need for especially 
careful material control due both to 
the value and strategic importance of 
fissionable materials and to the pre- 
cautions required for adequate nuclear 
The 
gradual development of more general 


safety during plant operation. 


flowsheets will decrease the need for 
large analytical 
techniques, thus permitting the devel- 


numbers of special 
opment of the more wide-range meth- 
ods appropriate to continuous meas- 
urement devices. Initially these might 
be used only with manual operation 
but feedback controls are already in 
the plant stage and should be of great 


utility when processing becomes more 

routine, 
Recent 

newed hope for the attainment of the 


developments support re- 


ulti- 
mate form, this would consist of a sin- 


elusive one-cycle plant In its 


gle extraction—re-extraction operation 
on uranium with perhaps an additional 
tail-end cleanup of Pu. Current re- 
ports indicate that radically different 
design and operation of pulsed extrac- 
tion columns can obviate the problem 
This would for the 
first time permit attainment of decon- 


of crud-carryover 


tamination factors dictated by inherent 
flowsheet*chemistry with no contribu- 
tion to product activity from entrained, 
fission-product-carrying particulates 

There is still sufficient slack in gen- 
eral plant-design philosophy to permit 
studying several other approaches 
The AEC has accumulated consider- 
able experience in design and operation 
of both remote- and direct-maintenance 
plants, i.e., plants that in one case are 
repaired and maintained by remote 
cranes using carefully keyed and inter- 
locked standard fittings and, in the 
other, by use of all-welded construe 
tion, built-in decontamination sprays, 
access ladders, ete which permit 
manual repair on completely or par 
tially decontaminated equipment. 

Ke xpansion of our fund of criticality 
data and continued development of 
in-line concentration measurement de- 
vices may permit more realistic and 
flexible criticality design, which in turn 
will tend to maximize the throughput 
of a given plant 

Eventually the number of fuel types 
will undoubtedly narrow and the quan- 
tities of material of a given type will 
increase, The processing plant of the 
if it 


will therefore require fewer headends 


future, uses an aqueous system, 


or, if the diversity remains appreciable, 
the capital expense of each system can 


at least be written off over a much 


larger throughput 
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Radiographing PWR 
Fuel Elements, 
One Example of .. . 


TT 


Nondestructive Testing 
of Reactor Components 


NONDESTRUCTIVE TESTING (i.c., testing 
that does not impair future usefulness 
of a material) of nuclear-reactor com 
nearly every 


| or the 
the 


ponents has made use of 


property of material pur 


poses of this discussion tests can 


be grouped as visual, pressure and 


leak, penetrant, thermal, radiography 
acoustic, electrical and electromag 
Their application to fuel-ele 


the 


netic, 
ment cladding and tubing will be 
principal subject of this discussion 
remote 


High-cost, time-consuming 


maintenance and the hazard of radio 


contamination in nuclear 


test 


active 


tems demand greater sensitivity 


than can be justified for most other in 
dustrial applications 


Generalizations about the selection 


and application of nondestructive tests 


are not of much value because each 


application 
unique problem. 


must be regarded as a 

The various tests are not competitive 
but 
Each test is best suited for detecting 
the 


rather supplement each other 


certain types of flaw Some of 
factors that 
selecting a test are 
method of fabrication, processing treat 
ments, 
kinds, location and size of possible or 


must be considered in 


type of material 
conditions 


geometry, surface 


expected defects, and the sensitivity 
required, Also, 
destructive-test 
measurements, it is essential that the 
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because most non 


results are indirect 


By WARREN J. McGONNAGLE 


trgonne National Laboratory, Lemont, Illinois 


be interpreted by an experienced per 


Son 


Radiography 

The radiographic technique is gen- 
erally considered capable of detecting 
a variation of ~1% of the thickness o1 
the test object Both 
X-rays and y-rays are used. Some of 


density » of 


the isotopes used are Co, Ta'*?, Ir 
Cs'*’-Ba! Wis 

actors affecting the quality of a 
the 
tested, energy and intensity of the radi 


and Tm 


radiograph are material being 


ation, source-to-specimen and speci 
men-to-film distances, film type, room 
the 


high 


scatter and intensifying screens 


The 


numbers of 


used densities and high 


atomic reactor materials 


make radiography more difficult For 
density 


steel, but 


example, zirconium has a 


slightly lower than that of 


because of its high atomic number 
it has a higher absorption coefficient 

\ penetrameter is often used to check 
the quality of a job. This is a small 
flat the 
the test object, having about 
the thickness, 


size holes drilled straight through it 


material as 
1% ol 


various 


piece of Same 


object with 


If the penetrameter image, including 
holes, appears on the developed film 
the radiograph is satisfactory 

For clad fuel elements, radiographic 
show the 


techniques can be used to 


location of the fuel in the element; the 


width of the sides and end clad; voids 
and inclusions in uranium alloys; and 
porosity, inclusion, lack of penetration 
and lack of fusion in closure welds. 
One exposure with two films, one 
fast and one slow, can show the location 
of the fuel in the element and inhomo- 
To deter- 
tech- 


standard specimens of the same 


yeneities in the fuel itself, 


mine the sensitivity of such a 
nique 
size and shape should be tested. 

The natural radioactivity of uranium 
0.18-Mevy 


finished 


can be used to in- 
fuel The 


film is placed on each side of plate-type 


y-ray) 
spect a element 


elements or wrapped around cylin- 


The X-ray 


covered by a thin lead sheet to intensify 


drical elements film is 
the radiographic image by back-scat- 
tering; typical exposure is 8-16 hr 
The autoradiograph can show if the 
core 18s eccentrically displaced in the 
clad, if there are regions of abnormally 
thin or thick core, or combinations of 
the two 

In addition to the y-radiation, a 
2.3-Mev the Pa**4 


daughter of U*** has been used to meas- 


B-ray emitted by 


ure cladding thickness. A scintillation 


counter with a  beta-sensitive scin- 


anthracene) can be 
the 
mitted through the cladding. 
that for zirconium 


and stainless cladding, 0-20 mils thick 


tillation crystal 


used to measure 8-rays trans- 


Calibra- 
show 


tion curves 


a 10% change in counting rate per mil 
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change in thickness can be obtained by 
For 
thickness, the 
For aluminum 
cladding, the sensitivity is about one- 


measuring the beta absorption. 
30-mil 


decreases. 


greater than 


sensitivity 


third that for zirconium and stainless. 
The Los Alamos Scientific Labora- 


tory have used two rather interest- 


When radiographing 
specimens at low kilovoltage, the film 


ing ter hniques, 


shows up the variations in thickness of 
the paper cassette. To eliminate this 
effect, the specimen is exposed directly 
on the film. In the second technique, 
1 radiograph is taken of a radiograph. 
For example in radiographing zirco- 
nium coated with graphite, a conven- 
tional radiograph is prepared. Be- 
the atomic 

the the 
graphite will not be delineated visu- 
ally the the 
emulsion have affected 
By making a low-kilovolt- 


age exposure of the developed radio- 


difference in 


cause oft 


number of two materials, 


However, silver in 
will been 


somewhat 


graph, the graphite can be resolved. 
Workers at Battelle Memorial Insti- 
tute have used a line radiation source 
to inspect parallel-plate fuel assemblies 
for core position, defects in the edge 
bonding of the core and necking of the 
core edge. The spacing between plates 
was 50 mils. Line sources of W'** and 
I'm were prepared by neutron ac- 


nae 
rhu- 


ium was the more suitable source of 


tivation of 5-mil-diameter wire, 
radiation, but satisfactory techniques 
for thulium wire fabrication have not 
is yet been developed. Consequently, 
tungsten was used in the prototype 
Los Alamos has developed a_pre- 
ision thickness gage using cobalt-60. 
Che gage gives resolutions of 0.001 in. 
of aluminum, 0.0002 in. in 1 in. 
and 0.0001 in. in 0.5 in. of 


This technique can be used 


nod in 
of steel 
uranium 
for measuring the density of core alloy. 
For example, Argonne National Lab- 
oratory researchers have used a col- 
mated beam of Tm!’® radiation and a 
Nal 
density of a uranium-aluminum alloy 


scintillation counter. The areal 
s read directly from a recorder trace, 
the deflection on the trace being pro- 
to the areal density in the 


portional! 


fuel element 


Thermal Tests 


the heat 


transfer from the core material through 


In reactor fuel elements, 


the cladding to the coolant is of great 
mportance. Consequently, one of the 


first tests used to inspect fuel elements 
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was a thermal test. Heat is applied by 
conduction from a heat source, electric- 
current heating or induction heating. 
The temperature distribution can be 
detected 
chemicals (e.g 


with temperature-sensitive 
Tempilstik 


and Thermocolor) 


Tempilaq 
temperature-sensi- 
tive phosphors, infrared detectors, 
thermocouples, bolometers and resist- 
ance thermometers 

Phosphors. 
mal test uses a temperature-sensitive 
When 
the 
changes with temperature. 

The 
the radiation 
length. 


phor changes its emissivity by 20% 


A quite sensitive ther- 


phosphor. * irradiated with 


ultraviolet, phosphor emissivity 


phosphors are sensitive to 


intensity and wave- 


A zine-cadmium-sulfide phos- 


° C, has an optimum wavelength of 


3,650 A and a maximum sensitivity in 


the range 5-55° C 
The phosphor is spray-coated in a 
the test 


specimen to a maximum thickness of 


nonfluorescent vehicle onto 
1 mil, 


jected alternately to a flow of hot water 


The test specimens are sub- 


(55° C) and cold water (5° C) or passed 
The dis- 


advantages of this test are that the test 


through an induction heater 


object must be viewed under ultra- 
violet light and the color change is not 
permanent but must be observed under 
transient conditions 
Infrared. Recently 
red-detecting cells have become com- 
To locate defects 


in fuel elements, two cells are made part 


sensitive infra- 
mercially available 
One cell is used to 


a heated fuel ele- 
ment and the other to scan a different 


of a bridge circuit 


scan one section of 


section of the same element or exposed 
heat The 


amount of bridge unbalance shows the 


to a standard source, 
difference in thermal! radiation originat- 
ing from different parts of the fuel ele- 
ment or from the fuel element and the 


standard. 


Penetrant 


Penetrant inspection is a quick and 


easy method for detecting surface 


discontinuities. Penetrant inspection 
methods are applicable to all metals, 
glazed ceramics, plastics and other non- 
Defects that can be 


found include surface cracks 


porous materials 
porosity, 
cold shuts, fatigue cracks, grinding and 
heat-treat cracks, seams, forging laps 
and bursts, lack of bond between joined 


°F Urbach 


published the characteristic 


Kodak el has 


s of a number of 


Kastman 


thermal-sensitive phosphors 


metals and through leaks in welds and 
tubing. 

Two types of penetrants are in gen- 
eral use. Dye penetrants give a red 
indication on a white background and 
can be observed with visible light 
Fluorescent penetrants must be viewed 
with ultraviolet light 

The penetrant is drawn into surface 
discontinuities by capillary action 
Thus, the surface must be cleaned of 
foreign material that would clog surface 
openings. The penetrant is applied, 
penetration time depending on pene 
trant, defect 


Emulsifier is applied to make penetrant 


material and type of 
on surface areas outside of the discon 
tinuities water soluble; the water-solu- 
ble mixture is removed, Developer is 
applied to draw penetrant from the 
discontinuities, making them easily 
visible. 

Small pin-hole defects in tubing and 
pipe are more readily found by pene- 
trant than by other types of inspection 
Shallow gouges are not revealed if the 
emulsifying time is too long because 
the emulsifier enters into the gouge and 
the penetrant is washed out, One dis- 
advantage of the penetrant inspection 
of small tubing is that only the outside 


of the tube can be inspected 


Leak Tests 


In pressure and leak tests, defects are 
revealed by the flow of gases or liquids 
Commercial 
leak dete 
tors can detect the presence of one part 
of helium in 200,000 parts of air 


It is always advisable to test as many 


into or through defects 


mass-spectrometer helium 


components as possible before assembly 
to eliminate the necessity of removing 
The 


Laboratory re 


and replacing defective 
Knolls Atomic 


ports that in a 


parts 
Power 
50-ft 


was first 


section of 2-in 


cher ked 
halogen sniffer and soap-bubble test, 


pipe, which with a 
helium leak test revealed 28 additional 


leaks 
be leak tight after being checked with a 


In another system reported to 


s0ap bubble and halogen sniffer test 
The 
testing 


68 additional leaks were found 
leak 


was about 5% of the over-all cost of the 


average cost for helium 
system 

The helium leak detector can be used 
minute 


clad 


ding and closure welds of fuel elements 


for detecting the presence of 


holes, cracks and fissures in the 
The fuel element is first placed in a 
helium-pressurizing vessel and exposed 


to a 5O-psi helium atmosphere for about 


19 





The fuel element j 
to a second chamber that is « 
to about 150 microns, then the 
detector 


2 min. transferred 


acuated 
throttl 
valve on the leak 
The 
leased by the fuel element « 


ope ned 


relative quantity of helium re 
in be read 
on the leak-indicating meter 

As in other nondestruct 
necessary to make man 
tests to determine the range 
that indi 


Dirt or oil 


detection reading 


able fuel elements scale on 


the test object cause large response 
when using this technique, but 
that 


ciently 


sample 
have had an acid dip are suffi 
clean for testi Interest 
ingly, a large open cavit such as 
cracks in welds that are ible to the 
eye) does not produce a noticeable re 
sponse because helium is not retained 


long enough after the fuel element 


removed from the helium-pr 


| unizing 


vessel, 
Electrical Resistance 


Klectrical-resistance method 
ha ed on the 


or non 
destructive testing ar 
principle that a defect increases the po 
tential difference between two point 
Clean, seale-free bare metal surface 
and pressure contact ur required to 
avoid contact overheating or burning 


of the 


sistance can cause a 


sample Suriace-contact re 


greater variation 
in potential difference than the pre 
Both electrode 
be placed on the same side 
sides of the test object 
One technique is to 


ence of a defect. 


ean 


or oppo ite 


make the 
Wheat 


balance | 


test 
arm of a tone 


bridge 


specimen one 


bridge. The initial 


FIG. 1. Eddy-current signal trace of de- 
fective 44-in. X 0.049-in. Hastelloy tubing 
Cyclograph-type instrument was used with 
encircling-coil probe at frequency of 160 ke 


80 


obtained by using a defect-free sample. 
However, since the measured resistance 
changes are small, and the Wheatstone 
bridge does not possess high sensi- 
tivity when measuring small resistance 
alues, it is not too successful 
In the electrode-potential method of 
difference is 


flaw 
Special design of the electrodes reduces 


bond testing, potential 


used directly as a indicator 
the effect of surface-contact resistances 


Phe 


men 18 placed between two 


to a negligible factor test speci 
electrodes 
ind an a-c current of about 20 amp is 


Any 
test 


supplied to the electrodes flaws 


or defeetive bonds in the plate 
CHUB a change in the pots ntial drop be 


The “¢ 


in be amplified and recorded 


changes 
This 


method can be used for locating bond 


tween the electrodes. 


defects in plate-type fuel elements and 
The 


greater tor 


cylindrical elements sensitivity 


of the method is thinner 


Specimens 


Eddy-Current Tests 


When a coil carrying alternating cur 
rent is brought near a metal specimen 
eddy currents are induced in the metal 
eddy 


currents depends upon the magnitude 


The magnitude of the induced 
and frequency of the alternating cur 
rent, the magnetic permeability of the 
specimen, the conductivity of the speci 
men, its position relative to the coil and 
the electrical and geometrical properties 
of the coil 

The 


centrated near the surface of the speci 


induced eddy currents are 


con 
men In the case of a plane conductor 
the current falls off exponentially with 
depth below the surface. [Eddy cur- 


rents induced in the metal set up a 


magnetic field that opposes the original 
field 


exciting coil or pickup coil is affected by 


magnetr The impedance of the 


the eddy currents, Defects or changes 
in physical structure distort the eddy- 
current paths and are detected by 
measuring the impedance change in the 
coil 

The change in impedance that occurs 
when a coil is brought into the presence 
of a conductor is complicated and is 
affected by a large number of variables 
With the impedance-analysis concept 
proposed by Forster, it is possible to 
separate some of these variables 
Changes in the impedance occur both 
A plot show- 


in amplitude and phase 


ing the variations in amplitude and 
the 


change 18 


phase of the coil impedance as 


material and its geometry 


known as the impedance diagram 

Two types of pick-up coils can be 
used, a concentric-coil pick-up and a 
point probe The concentric-coil type 
of pick-up encircles the sample and 
examines an annulus of the sample 
having a width equal to the effective 
width of the The point probe 


coil 
examines an area essentially equal to 
the area of the probe. The configura- 
tion and frequency of the exciting and 
varied to fit 
different test conditions and specimens 


resonant or driven 


pick-up coils must be 


coils and probes can be either 


Instruments available. ‘There area 


number of eddy-current instruments 


commercially One typical 


the ¢ 


L\ ul! ible 


instrument yelograph, has been 


used to examine bare uranium rods 


with naturally occurring cracks, seams 
1nd porous areas 

It was found experimentally that 
in uranium were detected using 


6.5 ke More- 


barely discernible separations and 


CTACKS 
i frequency of about 
ove! 
cracks gave indications 


those 


subsurface 


comparable to obtained from 


gross cracks In fuel elements that use 
ii liquid metal bonding such 4s metallic 
sodium, voids or gas pockets in the 
bonding lave ImMpair the heat-transfer 
the fuel 


The Cyclograph has been used to de- 


characteristics of element 
tect such voids }4¢ in. in diameter 

Phe Cyclograph has been used at the 
Oak Ridge National Laboratory to in- 
spect a large quantity of small-diam- 
With a con- 


probe at a 


eter tubing (see Fig. 1). 
centric-coil ty pe scanning 
speed of about | ft/sec, radial cracks 
foreign metallic particles, intergranular 
attack 1-2 mils deep on the inner and 
outer surface of the tube and dimen- 
sional variations were found 


The 
be achieved with the Cyclograph in 


maximum sensitivity that can 
testing tubing is the detection of flaws 
that have a length comparable to the 
length of the coil and a depth of 5% of 
the wall thickness or The 


Cyclograph is extremely sensitive near 


more, 


the quench” point of the oscillator 
Changes of a fraction of a percent in 
resistivity are detectable at this sensi- 
tivity However, the response time ol 
the 
the 


the 


the Cyclograph is a function of 


sensitivity of the instrument 
the 


response time. 


1 


higher sensitivity the longer 
One problem in the use of eddy-cur- 
the effect 
of varying probe-to-specimen spacing. 
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rent techniques has been 





ng specimens having a circular 


section with a concentric coil, 
in probe-to-specimen spacing 

wv caused by diameter variations. 

In testing plate-ty pe specimens with a 
point probe, surface irregularities and 
ibrations of probe or specimen cause 
variations in the 
Renken 
that 


illy for variations in probe-to-speci- 


probe-to-specimen 


has developed a 


spacing 
method compensates automat- 
men spacing by means of an electronic 
rcuit 
It should be emphasized that the use 
if eddy currents as an inspection tool is 


n its infaney, but this technique offers 


possibilities for future 


At pre 


and limitations, some of which are im- 


development 


sent it has many inadequacies 


posed by present-day instrumentation 
and some of which are due to a lack of 

understanding of the basic princi- 
These 


the necessity to design the test 


involved limitations in- 
or probes and perhaps all or a por- 
the electronic system for each 
ition to get the maximum sensi- 
and resolution; inability to posi- 
eparate changes in resistivity 
the skin- 
tation on the depth below the 
or the thickness of material 
inspected; the effect of 


varying the probe-to-specimen spacing, 


changes in geometry; 


in be 
and, in measuring coatings or cladding 
a sufficient difference in 
the 


the need for 


the electrical resistivity of two 


materia 


Ultrasonic Tests 
Ultrasonic waves can be used for de- 
tecting flaws in materials that are capa- 


ble of 


(Juartz 


transmitting elastic vibrations 


barium titanate or lithium 
sulfate transducers are used to convert 
the electrical 


oscillations of a radio- 


frequency generator into mechanical 


(ultrasor vibrations and for the re- 
verse process of converting mechanical 
vibrations into electrical signals. 

The physical laws of acoustics that 
apply at audible frequencies also apply 
frequencies. However 

that the 
, 


not usually ob- 


to iitrasoni 


certain phenomena occur mn 


ultrasor range are 


served mn the audible For 


range. 
due to their short wavelength, 
tend to 


exams 


ultrasonic waves travel in 
straight Ultrasonic 


reflected 


nes waves are 


not effectively by objects 


having dimensions less than the wave- 
length of the ultrasonic waves. 


An ultrasonic beam impinging on an 
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Lomination 
in plate 


,. Front surface 
< = Lamination 
Bock surfoce 


he 


Top of plate 
Bottom of plate 


Shows oreo of flow 
as seen from above 


> 


a 


FIG. 2. Types of data presentation used 
for ultrasonic pulse-echo technique. “A” 
scan is one-dimensional presentation of sig- 
nal intensity. “B" scan is cross-sectional 
view; it indicates length of flaw and depth 
below surface. “C" scan is obtained 
from “A” scan at number of points over 
specimen surface; only reflections from 
flaw are used to give flaw contour 


interface between two media is partly 
The 


amount of reflection is determined by 


reflected and partly transmitted. 


the acoustic impedance, i.e., the prod- 
uct of the density of the medium and 
of the waves in the me- 
The greater the 


the velocity 
dium difference in 
the 
media, the greater the amount of re- 
Thus 


niques are good for locating unbonded 


acoustic impedances of the two 


flected energy ultrasonic tech- 


areas. At an air-solid interface, nearly 
100% of the ultrasonic energy is re- 
flected 


to use a liquid couplant such as water, 


Consequently, it is necessary 


oil or glycerine to transmit the acoustic 
the 


contact 


energy from transducer into the 


sample have 
both 


mersed 


scaunning-—or 


transducer and specimen im- 


in the couplant immersed 
scanning 
Three 


common 


ultrasonic 
today 


techniques are in 
use pulse-echo, reso- 
nance and transmission 

Pulse-echo technique. 


echo technique it 


In the pulse 
ultrasonic 
The 


beam is reflected from the opposite 


pulsed 


beam is sent into the sample. 


side of the sample as well as from any 
defect. A defect can 
be recognized by the relative position 


discontinuity o1 


of its echo when displayed on an oscil- 


) 


loscope screen mene lig 2) 


The Oak Ridge National Laboratory 


has done considerable cde velopment 


work on testing tubing using immersed 
ultrasonics. In small tubing having a 


25-mil wall thickness, a longitudinal 


defect 3-5 mil deep and 1 in. long can 


be readily detected 
fects 15 mil deep and 60 mil long have 


Longitudinal de 
been detected on the inner surface of 
the tubing A 3% defect on the inner 
surface of a pipe can be readily located 
The scanning speed is 5 ft/min 
Resonance technique. In the reso 
nance test, a mechanically driven tun- 
ing condenser sweeps the frequency of 
an electronic oscillator through its 
The oscillator 


drives the transducer 


tuning range in turn 


The re are mo 
mentary increases in the energy drawn 
the oscil 


lator frequency coincides with a thick 


by the transducer wherever 


hess resonance frequency of the sample 
The energy increases are indicated on a 

A change in reso 
that 
counted for as a thickness change is 


cathode-ray tube 


nance frequency cannot be se 
usually an indication of a defect 
This technique has been used for 
lack of roll-bonded 
However, it will not locate 


locating bond in 
material 
as small an unbonded area as the pulse 
echo or transmission te hniques 
Transmission technique. [laws in 
the bonding layer of a fuel element can 
be readily found by an ultrasonic-trans 
mission technique A pulsed ultra 
sonic wave is sent through the specimen 
positioned between sending and receiv- 
If a bond defect or 


flaw lies in the path of the 


ing transducers 
beam, it 
the 
beam and decreases the magnitude of 
the 


reflects or scatters energy from 


the signal arriving at receiving 
transducer. 

The sensitivity and resolution of the 
transmission method of bond testing is 
influenced by such factors as the effec 
the 
beam, the parallelism of 


ultrasonic 
the 
ducers and the orientation of the speci- 
the 
The effective cross section of 


tive cross section of 


trans 
men with respect to ultrasonic 
beam 
the ultrasonic beam can be controlled 
the 


ducer with an absorbing material or 


by covering transmitting trans 


mask through which a hole is drilled 
With such a mask, an unbonded area 
detected 


igo in. in diameter can be 


42 
The energy can also be concentrated 


into a narrow beam with contact lenses 
fastened to the transducers with wax 
* * > 


This article ia based on the 
Nondestructive T cata in the Field of 
Energy sponsored by the 


Symposium on 
N uclear 
I natitute 
ican Nuelear 
Society, American Society for Testing Mate 
riala, Atomic Industrial Forum and Society 
for Nondestructive Teating in Chicago, April 
19457 The proceedings are to be published 
hy the ASTM 


American 


of Chemical Engineers, Amer 
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Three Beta-Absorption Methods. . . 


METHOD involves the unknown’'s ab- 


FEATHER 


comparison of 


sorption curve (Fig. 1) with that of a known isotope. 
ranges are calculated for corresponding fractional absorptions 


Apparent 


Since different absorption curves have different shapes, especially 
at low range fractions, one must plot apparent range against 
range fraction and extrapolate to zero count to get a reliable 


range. 


Then Glendenin's range-energy equations give E,,.,. 


—How Do They Compare? 


Beta emitters can be identified by finding the beta range 


in aluminum absorbers and from this, Emax. 


Three methods 


commonly used are compared for ease, accuracy, and sensitivity 


By J. F, DUNCAN and F. G. THOMAS 


University of 


BETA EMITTERS CAN often be identified 
from an absorption curve made with 
aluminum absorbers. The technique 
is considerably simpler than beta spec 
trometry. The shape of an absorption 
curve depends significantly on the na 
ture of the nuclear transition and on 
the geometry of the detecting equip 
Nevertheless 


have been devised for determining the 


ment several methods 
maximum energy of the beta particles 
from such a curve. We have com 
pared three of the more important of 
these: (a) the Feather method (1-8 
(b) the method of Bleuler and Ziinti 
(2, 4) and (c) the method of Harley 
and Hallden (4). 

Our results are summarized in Table 
1. In general we find the Bleuler 
Ziinti method best for high accura: 
The Harley-Hallden method offers a 
quick estimate of Has. when only low 
activities are available, and the Feather 
rapid and accurate 
Fastest of all 


method is fairly 
with high activities 
but not very accurate, is a modification 
of the Bleuler-Ziinti method—the hal! 


thickness method 


Ve lhour ne, 1u 


fralia 


All three methods are subject to the 


same objection—they are based on a 


comparison between the experimental 





Al curves but ( )\] 
200 400 600 \800 1000 i200 
fed | 
10 20 SO (Cc curve only 


Alurnnum Absorber Thuckness (mg /Acm*) 








— 


FIG. 1. Corrected absorption curves for 
five beta emitters. Vertical lines beside 
curves show standard deviations in different 
regions 





absorption curve and an expected ab- 
sorption curve. This applies even to 
the method of Bleuler and Ziinti, in 
which it is assumed that, after allow- 
ance for any features that cause ex- 
perimental errors, the absorption curve 
obtained experimentally will have the 
shape derived from Fermi theory 

The 
errors from self-absorption and scatter- 


methods are also subject to 
ing. All such objections are, of cours 
implicit in the absorption technique 

To choose the best method not only 
must reliability be considered but also 
the extent of the absorption data avail- 
able, the accuracy required, and the 
type of beta emitter present. 


Experiments 

We have compared the three meth- 
ods by using them to determine F,,,, 
for each of four negatron emitters 
C', P42, Bi?!® Pa 
Na**, The values of £,,,. for 


hive 


and one positror 
emitter 
these isotopes are accurately 
known (7). The methods of prepara- 
tion of the their 


are listed in Table 2 


sources, chemical 


forms, ete., 
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BLEULER-ZUNTI METHOD requires determina- HARLEY-HALLDEN METHOD uses a plot of 
tion from the absorption curve of absorber 3 the relative activity of the sample against 
thicknesses d, required to reduce count by ® the relative activity of a standard for the 
= tac}, 2 3...) Bower one same absorber thicknesses (Fig. 2). The 
Zinti have provided graphs that give Ens: resulting slope indicates the unknown E,,,., 
as a function of each of the d,'s. Ac- which can be determined from calibration 
curacy improves at higher values of n. curves given by Harley and Hallden. 


he experimental arrangement for greater than % 9 of the range. kach number of counts must be made at 
the absorption measurements is simi- curve represents 15-23 points. large absorber thicknesses If the 
lar to that used by Glendenin (9). Corrected absorption curves are range and &,,, are to be determined 
rhe distance between source and win- \ shown in Fig. 1. Each is consistent with an accuracy of say +2% (95% 
dow of the G-M tube is 2.2cm andthe with the presence of a single beta confidence level), at least six points on 
window thickness is 2.3 mg/cm?. emitter. The measured Th***/Pa*** the absorption curve near the end of 
[hus the total air-gap and window cor- curve was not, but in the Pa®* curve the range are necessary, each with a 
rection for our assembly is equivalent of Fig. 1 and in all our later caleu- standard deviation of about +3% 
to 5.1 mg/em?* of aluminum. We neg- lations the Th*** soft-beta contribution This implies a total of at least 1,000 
lect any correction in the absorption was subtracted from the combined counts, which would require 40 min at 
arising from differences in the atomic Th**4 and Pa** activities. All curves a counting rate of 25 cpm (a typical 
weights of elements in air, mica and shown here have bee n corrected for rate obtained near the end of the 


aluminum background, including gamma raysand range). Errors due to electronic and 

Two sources of each emitter except dead-time losses counter instability can become signifi 
Bi2?° were made. These were of dif- cant for such counting periods, which 
Comparison of Methods can also be impractically long for 


ferent activity, but otherwise identical. 
Che stronger source was used for the Lata from these smoothed curves short-lived beta emitter 

thicker absorbers: (a) to protect the were interpolated for use in comparing Now, if we arbitrarily fix a minimum 
G-M tube from high counting rates the different methods of assessing L,,,. counting rate of 50 epm for an ab- 
with thin absorbers and (b) to obtain They are summarized in Tables 3, 4,  sorber thickness equal to %jo9 of the 
a higher counting rate, and thus greater and 5 and discussed in detail below. range, an activity of 10*-10° epm or 
accuracy, with the thick absorbers. The Feather method. Since more is necessary when no absorber is 
At least 150 counts were taken in de- Feather’s method requires the accu- present. While sources of this order 
termining all points at thicknesses rate determination of a range, a large of activity are readily available from 





TABLE 1--Comparison of Four Methods for Range and V.... 


Activity i pprorimate Time Vumber of 


cpm error involved (ae observations 


Best, > 50,000 Fairly rapid after When accurate re 10 observations near the 
Also useful, 5,000 t J Feather analy sults required and end of the range, ac 
50,000 zer has been source of high me curately determined 
constructed tivity available 
5,000 % Slow Most generally use Only part of absorption 
ful method when curve for accuracy of 
accurate results re 3% but with %»o of the 
quired curve an accuracy of 
about 1% is obtained 
Low activities 5% Very rapid Only when quick and Several observations in the 
down to 200 rough value re range 0 <d < 2d, 
quired 
Can be used down t+ 5% with 2,000 Rapid When quick estimate Only about four or five 
to 500-1,000 epm ; greater Of Fug, required or observations 
with weaker only low activities 


“OUFCES are available 
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TABLE 2—-Source Characteristics 


Radiations 
Acti detected in 
Weight ity* 


preparation mg 


Chemical VU ethod of 


jor m 


abaor ption 


Source cpm curve 


Glycine Mvaporation of 0 21,1350 
tock 144,000 
LaPO, Iixtracted from 10 2) 


16,160 


oOnublion 


neutron-irrad) 
ated sulfur (4 
hi.S Separated from 11,200 
radiolead (RaD 
I-F mixture iy 
Secular equilibrium 1680 


20,700 


Separated from old 


UOWNO 
6H.O (10 


on Lal's carrier 


Carner-free fron 
HCl solution 


8,745 
34,070 


sporated from 


* The higher of the t aT . ted 


from measurements on bot! j ‘ baorbers 


ifter subtraction of backgroun 
of moderate thickne 
s obtained by extrapolation of the horizo 


orber thickne hi 


t The percentage of ga 


tal portion of the absorptic figure! plicable 


at the lower absorber tl 


radiation, which vari« 


ludes the contribution from annihilation 





manufacturers, a radiochemi Che shapes of spectra of allowed tran 


always rely on obtaining tions in positron decay are different 


high as this from chem from those in negatron decay But 
this is not the cause of th 
erro! the dif Knax» Rather 


betwee corrections for 
both 


activity can easily be lo 
Another 


ference in shape 


error 1n 
source ol it is due to inadequat 
radiation ari 


Mev 


il) orptio } gamma 


curves of different emitter particu ng from the 1.277 trans! 


larly at low absorber thickness« lt tion Irom innihilation 


The 
he ta 


and positron 


this work the shapes of the negatron radiation contribution of see 


curves at low absorber ondary 


ind thus little 


absorption parti les arising from 


thicknesses are similar gamma radiation will increase with 


error is introduced for these isotope tbsorber thickness to a constant 
But the shape of the irve for ; a constant 


thickne 


value 
yield is reached at a 
positron emitter Na 


from that of tl 


3 equal to the range of the se 


ferent ondary electrons in aluminum, which 
in the case of the 1.28-Mev gamma ray 
is considerably larger than the range of 
beta 


ibsorption curve will therefore be dis 





the nuclear beta particles The 


torted in favor of high-energy particles 
rhis causes uncertain extrapolation in 
Feather 
method and accounts for the estimated 


obtaining the range by the 
alue of Emax being 10% too large 

It should be added that Bleuler and 
Ziinti 


with beta-spectrometer values for this 


(4) obtained excellent agreement 


emitter using an absorption curve ce 
termined by Laslett (11) in a quite dif- 


p ferent 


7 
0g of Relative Activity ole 


FIG. 2. Harley-Hallden curves for 
isotopes. P** is the standard, and origin 
has been included as a point on each curve 


84 


experimental assembly The 











absorption curve used by them appears 


to be more nearly linear than ours but 
four 


has practically the same shape at ab 


orber thicknesses hear the end of the 


these details it is 


that 


range In spite ol 
nevertheless clear when the ab- 
sorption curve of the standard isotope 
plotted and the Feather 


constructed, the Feather 


nas been 
inalyzer 
method is rapid and capable of giving 
results within 3% with pure beta 
sources of > 50,000 cpm. 

The Bleuvler-Ziinti method. Al- 
though we interpolated the FE, values 
from the published curves (4, 6), the 
with the Bleuler 


Ziinti method were in very good agree 


results obtained 
ment with the spectrometric values (7) 
Chis that 


are rapidly eliminated as the absorber 


indicates scattering errors 
thickness increases. The value we ob- 
tained for Na** by this method differs 
from the spectrometric value by about 
9%, but this difference is less than we 
get with the 

with 


other two methods 


Agreement spectrometric values 


for other isotopes is 2‘ 


this 


, or better. In 


our experience method does not 


usually require an accurate range de- 


termination and so can be used more 
sfully for weaker sources (5,000 


than can the Feather 


ucee 
50,000 epm 


technique Its main disadvantage is 


the more laborious evaluation of /,.., 
interpolation ot K, 
irves of d, f,(f, Z) is a somewhat 


Despite this we 


ilues from the 
procedure 

it to be the most satisfactory 
method for sources of > 10,000 


Pp In 


need only be determined up to an ab 


wctivity 


favorable cases the curves 


orber 


thickness corresponding to an 


but usually nm must be 9 or 


noltooro 


10 before a reliable value of F,,,, is 


obtained This corresponds to about 
0.1-0.2% of the initial counting rat 
It intere that the 


ting sleuler 





TABLE 3——-Feather Method 


Range in Al 
ma/cem* 


/ solope ' standard 


29 
785* 
170 

LO5S81 
199 


correction for 1*** activit 
orrected for 


btained is 3-4% lower 


eak activity is! 
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Zinti 


rit thod 
ition ofl 


prov ides 
the 
ilf-thickness 


an adequate 
shortcomings of 
method. In this 
used by radio- 
ago, the 


of absorber necessary to re- 


commonly 
about ten years 


he beta-particle counting rate to 


its original value (d,) is ob- 
rom the absorption curve, and 
rresponding to this half-thick- 
nterpolated from an empirical 
ersus Ewes. It is therefore 
the Bleuler-Ziinti 
ing a value of | accurate 

5-109 But it differs from the 
euler-Ziinti technique in 
pect First the 


tweer half-thickness 


case ol 


two re- 
relationship — be- 
Boum 

d experimentally in the half- 
method, but derived theo- 

in the Bleuler-Ziinti method 
the half-thickness method, 
tion is made for the nuclear 
The latter 
can be of the order of 
the nuclear-charge 
ectrum shape. This is the 
vhy the simple half-thick 


and 


f the 
ilord 


ise. (of 


emitters 


so unreliable. If one 


correction, a smooth em 
ition between half-thickness 
be obtained for all en 
Thus the method can be 
btain a value of Kua within 
the absorption curve at low 
Use of the half-thickness 
valuable the 


very low activity (<500 


most when 


however, have the fol- 


It does 


lisad (a) It is greatly 


antages: 


the presence of low-en rey 





TABLE 5—F vax by All Methods 


Bleuler 
and 


Ziinti 


Harley 
and 
Feather Hallden 
0.150 0.2471 
Standard 
OS 
OS 


26 


tandard 


Table 3 

ited portion of curve of Emax 
r P standard published by 
Hallden 


ise of Ca® as standard instead 


ote to 


These authors 
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TABLE 4 Bleuler-Ziinti Method 


]s0- 
lope © 


ps 


E, 0.63 0.69 0.67 


4 could not be treated by 


(4, 6 do not cover the low energies 


this method because the curves given by Bleules 


“1S OOS 
, ma) 7] 


163.8 172 0 


0.63 f 0.59 0.59 


and Zantu 


rhe d, values quoted are uncorrected for Z 





The low-thick- 


absor ption curve 18 


beta radiations b 
ness region of the 
sensitive to experimental 


that 
errors, et ( \ 


especially 


conditions determine scattering 
number of 


This 


oveyT, 


large 


standard sources is required 


last objection may, however, be 
accuracy, by 
Bleuler-Ziinti method of 


from dy than 


with loss of 
the 


estimating Eas. 


come, some 
use ol 
rather 
by use of an experimental curve 


Harley-Hallden method. 


Figure 2 


shows the Harley-Hallden curves (4). 
Unfortunately due to experimental e1 
there is scatter of 
points about thei of best fit.’”’ 


results 


rors considerable 
curve 
In our work, the obtained 
this 
good agreement with the spectrometri 
The Bi?) Na** and 
C' plots were straight With 


the plot for Pa***, no obvious linear por 


using method were not in very 
values Of Muss 
lines 
tion closely corresponding to the 2.32- 
Mev (98%) Pa®** betas could be found 
even though the point at zero thick 
ness obtained by « xtrapolation of the 
absorption curve corresponding to Pa*** 
rather than 
thickness 


method 


was used as reference 
ZeTo 


the 


observed activity at 


The inventors of have 
heen able to get results of considerably 
better accuracy than (12). By 
using Ca*® as their standard they 
maximum energy for C'* of 0.160 Mey 
Their Eyanx for Na 0.58 Mev. They 
resolved five Th***/Pa 


ours 


get a 


by tas 


Found Listed 


Conclusions 


In chemical operations where only 
low-to-medium activities are available, 
the most generally useful method of 
that of 


comparison of the experimental 


high accuracy is Bleuler and 
Ziinti 
absorption curve with a semiémpirical 

But for 
Hallden’s 
highly active 
Feather 
It is more accurate than Hat 


them 4, ¢ 
Harley 
For 


one can use the 


plot given by 


lower accuracy and 
method is quicker 
sources 
method 
ley and Hallden’s method, but requires 
data leather’s 
than Bleuler 


but in general 


more experimental! 
tedious 
method 


as accurate 


method is less 
Ziinti’s 


does not vive 


and 
a result 


* 
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Gamma-Detection Efficiency 
of Organic Phosphors 





By K. |. ROULSTON 
and S. |. H. NAQVI 
Department of Physics 
University of Manitoba 


, ’ 
Winnipeg, Canada Dtecrintnates 


bios=5 kev 


tion (barns /electron) 


THIS NOMOGRAM and the accompany 


Cc 


ing curves make possible a rapid deter 
mination of the detection efficiency of 
an organic phosphor 

For detection @ certain minimum en 
ergy must be transferred to a Compton 


Detection cross se 


/ 
/ 
U 
‘ 
' 
‘ 


' 
' 

‘ 
electron. The cross section can be cal 4 ; F 
. poueuee * Gs Gas Gaey 5 doth we ‘ — Slane 

culated by integrating the differential 0 60 80 100 200 : 1000 
incident photon energy (kev) 








Compton cross section from the corre 





sponding minimum photon scattering FIG. 1. D ; ne 

angle to 180 deg (Fig. | > Fe etection cross section vs incident photon energy 
One starts with the minimum accept 

able energy transfer (discriminator 

bias setting). From Fig. | one then 

finds the cross section for detectable 

energy transfer, ¢. To determine the 

corresponding absorption coefficient mu 

( po) we use the three nomogram 

scales at left. The nomogram then 

determines the efficiency (1 r 

from pw and the thickness a 
The method assumes equality of 

total linear absorption coefficient and 

detection absorption coefficient. This 

is generally justified by crystal geome 

tries in which a photon that is scattered 

by an event not leading to detection 


3, 


ctron 
cm 


cannot escape from the crystal with 
out traversing the remainder of the 
path lengths 

With 25-kev bias we observe effi 
ciencies that correspond to our curve 
above 200 kev telow 200 kev the 


cross section is larger than calculated 


(barns /ele 
crent (cm) 
0** electrons 
(% 


(} 


SS section 


apparently due to multiple collisions 
Example: Discriminator bias is at 
25 kev, and we are detecting 200-key 


r absorption coeffi 


et 
Cc 


photons in a 10-cm-thick plastic phos 


te 
Electron densit 
Thickness (cm) 
Detection efficiency 


De 


phor. From the curves we find a de 
tection cross section of 0.27 barns. A 
representative phosphor has p 0.34 
«x 10" electrons cm With this a 

sumption we find a detection efficien vie 
of 60%. .0 : 0.1 £1,000 5 99 
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graduate study opportunity... 


an important “plus” benefit at Los Alamos! 


When a scientist or engineer comes to Los Alamos to work, it is important to him, and 
to us, that his fund of knowledge continues to grow. For that reason, the Graduate Center 
at Los Alamos is one of this interesting community’s most valuable assets. 

The Center, operated by the University of New Mexico, offers graduate programs in the 
fields of nuclear, mechanical and electrical engineering, chemistry, physics and mathematics 


Additional facts of interest . 
¢ Instruction is by recognized leaders in their scientific fields from the laboratory staff and from the 

University of New Mexico 
e Classes are held in the evening, a few minutes from your Los Alamos residence 
¢ One-half of your tuition is paid by the Laboratory 
e Unique laboratory facilities and equipment are available 
e Los Alamos technical library, among the nation’s most complete, is open 24 hours each day for study 

and research. 

College graduates in the physical sciences and engineering who are interested in accepting 
important research assignments and at the same time continuing their advanced education 
are invited to write for more information. Details about the Laboratory, the Graduate 
Center and the delightful family living conditions in northern New Mexico will be sent by 


return mail 


DimeCTOR OF PERSONNE! 
Los ALAMOS SCIENTIFIC LABORATORY 


Division 2208 
am 0 S Los Alamos, New Mexico 


Los Alamos Scientific Laboratory is a non civil service 


scientific laboratory operation of the University of Colifornia for the U.S 


f THE UNIVERSITY OF CALIFORNIA Atomic Energy Commission 


LOS ALAMOS, NEW MEXICO 





CROSS SECTIONS 





versions of the decomposition method 
were not satisfactory either because of 


the excessive time and cart required to 


re) 


obtain a complete conversion of TBP to 
phosphate or because of incomplete and 


Two or three contacts variable dec omposition of TBP. 


5 


Apparatus and Reagents 
Standard TBP solutions were pre- 
One contact pared by diluting commercial-grade 
TBP with AMSCO 125 solvent 


Solutions of nitric acid were pre- 


Normality of HNOs in Orgonic Phose 
° 
a 


pared by diluting reagent-grade acid. 





12 rhe nitric acid content of these solu- 





Initial Normality of HNOs in Aqueous Phose tions was determined by titration with 
0.2M sodium hydroxide, which had 
FIG. 1. Effect of initial aqueous concentration of nitric acid on amount of acid been standardized against potassium 
extracted into 25%, TBP solution hth: 
acid phthalate 
Preparation of the aluminum nitrate 
reagent used as salting agent during the 


extraction has been desc ribed elsewhe re 


New and Improved Analyses °)) oii sscssuemenrs wen 


made with the Jockman Model DU 


for Tri-N-Buty! Phosphate pectrophotometer using 1l-em Corex 


ind silica cell 


Acid-Saturation Method 


By ROBERT J. ALLEN and ganic phase is contacted with a urany! The various procedures of the acid- 
MICHAEL A. DeSESA nitrate solution, and the amount of ituration method now in use are based 
Raw Materials Development Laboratory uranium extracted is determined fluoro on the original work of Gresky et al 
National Lead Company, 11 
Winchester, Massachusetl 


metrically 18, 19) or spectrophoto 14 vho found that the reactior 


metrically (19 
We have evaluated the acid-satura 
Tri-n-butyl phosphate (TBP) ha tion, decomposition and uranium-satu 


PBP oa, + Htag + NOS eq 
TBPCHNO 


been extensively used in various AK¢ ration methods. New and improved _ is effectively 95% complete when the 
installations for separating uranium by versions of the saturation methods are organic phase is in equilibrium with 
solvent extraction A variety of tech reported here. The various reported 8.0M nitric acid In each of the re 
niques have been reported for deter 





mining TBP, including infrared absor 
tion (1-3), dielectric-constant measure TABLE 1-Reproducibility of Calibration Factor, (% TBP)/(M HNOs) or. 
ments (4-6), turbidimetr 
photometry (8) and specific 10M HNO SM HNO 
Because of the lack of ne« 

ment, we did not « ea Contact Range 


methods 

ha | 25 06-25 34 25.19 

reap 2 2447-24 86 24.66 
3 24 46-24 .92 24.65 


Several indirect: method 
proposed for determining 
decomposition method } [O-] 


based on a conversion of the TBP t * Coefficient of variation 





phosphoric acid followed b 


hoto tric Oo ol etri 
Lot oe pales TABLE 2-—Effect of Aluminum Nitrate on Extraction for Visible Photometric 


tion of the phosphate Phe a Method 


ration method (14-17) consists of eor 
tacting the organic solvent containing 
TBP with a nitric acid solution and de 
termining the amount of acid extra 2 
1, lor / 0.167 0.167 O.168 O.168 O.168 0.169 0.169 


into the organic phase. Several : 
K | i, for 5% 0.819 0.825 0.828 0.832 0.832 0.833 0.833 


sions of the uranium-saturation method 1. for 1 435 1.535 1.565 1.615 1.630 1.632 1.632 


250 


have been proposed in which the or 
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Stainless steel reactor vessel was built by ALCO, along with many components, 
for APPR (inset cutaway). ALCO also served as prime contractor on plant 


PROVED NUCLEAR COMPONENTS FROM ALCO 


ALCO components for nuclear reactors are result of long thermal and 
nuclear experience; proved in operation of various atomic projects 


ALCO has built heat exchangers for the EBR, S1W, S2W, PWR and SRE 
é as well as most components, including control-rod drives and piping, 
he APPR-1. ALCO components were also installed in the first two Han- 


eactors 


ALCO’s extensive experience is one explanation for the success of its com- 
these programs. For many years it has been a leading suppliet 

nent to the power and process industries 
ALCO" s continuing research is another explanation. To keep ahead, ALCO 
own criticality facility —the first privately owned installation 
ntry —and complete welding, heat-transfer and mechanical labora 
electronic computing center is maintained at ALCO to provide fast 


vers ALCO PRODUCTS, INC. 


ALCO can help you in your nuclear project. Consult your ALCO sales office, 
t Thermal Products Division, Dept. NC-1, P.O. Box 1065, Schene« a vow 

," Sales Offices in Principal Cities 

Aico Nuclear Components 


reactors core removal and handling equipment 
reactor vessels regenerative and non-regenerative 
control-rod drive mechanisms exchangers 

pressurizers liquid metal exchangers 

steam generators decay exchangers 

core support structures special heat-transfer equipment 


Diesel Engines: Nuclear Reactors : Heat Exchanger prings * Steel Pipe « Forgings ' Weldments : Oi!-Field Equipment 











un} 


vacuum seal. 


TUBE FITTINGS 


For information on the extensive line of Swagelok 
High Vacuum Tube Fittings and the name of your 


Swagelok Specialist, write Dept. 18 


CRAWFORD FITTING COMPANY 


664 East 140th Street + Cleveland 10, Onio 


ported versions of this method, the 
necessity for careful control of the 
nitric acid concentration is stressed, but 
8M nitric acid is always used presum- 
ably because under these conditions the 
amount of nitric acid extracted is nearly 
equal to the molar concentration of 
TBP in the organic phase. 

In a series of experiments, 25 ml of a 


25% (v/v) solution of TBP in Amsco 
solvent were contacted with 25 ml of 
nitric acid solutions of various concen- 
trations. One, two and three contacts 
were made with each nitric acid solu- 
tion. The amount of nitric acid ex- 
tracted after the desired number of con- 
tacts was determined by titration of a 
5-ml aliquot of the organic phase with 
standard 0.2M sodium hydroxide using 
bromthymol blue as indicator. The 
results of this experiment (Fig. 1) indi- 
cated that the extraction process is not 
simply the formation of a 1:1 complex 
as illustrated in Eq. 1 but that the fol- 
lowing reaction may also take place to 
an appreciable extent at high nitric acid 


concentrations 


TBP(HNOs) org + Htaqg + NOs~ee 
TBP(HNO5)s ors 


As can be seen from the curves in 
Fig. 1, equilibrium is attained after two 
contacts. Yet only one contact with 
8.0M nitric acid has been employed in 
other reported versions of this method 
although the Oak Ridge National Labo- 
ratory has recommended (17) the use 
of a nitric acid solution ‘‘of such nor- 
mality that the aqueous phase after the 
equilibrium with the TBP-organi 
diluent sample will be 8.0 + 0.5A 
Twenty-five ml aliquots of 5, 10, 20 and 
25% solutions of TBP in Amsco were 
contacted one, two, or three times with 
an equal volume of 8 and 10M nitric 
acid. The amount of acid extracted 
into the organic phase was determined 
by titration with standard 0.2M sodium 
hydroxide. The results of this experi 
ment are given in Table 1. 

When one contact with 8M nitric 
acid was made, an increase in the factor 
% TBP/(M HNOs),,, with increasing 
TBP concentration was observed 
This effect is due to the greater de 
pletion of the aqueous nitric acid phase 
when contacted with organic phases ol 
increasingly greater TBP content. An 
obvious improvement in reproducibil- 
ity was observed when two or three con- 
tacts of the organic phase with 8M 
nitric acid were mack When 10M 
nitric acid was equilibrated once with 
the organic phase, no dependence of the 
factor on the TBP content was ob- 
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COMMERCIALLY 
AV AILABLE 


ADVANCED DESIGNS 
DEMAND THE 

UNIQUE PROPERTIES OF 
THIS LIGHT, 

STRONG METAL 





% BRUSH has added a 
new, privately financed 
plant for tonnage pro- 
duction of Beryllium 
metal, eliminating 
availability problems 
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THE BRUSH BERYLLIUM COMPANY, 4301 PERKINS AVE., CLEVELAND 3, OnIO 
























































Effective SHIELDING is a must! 


Be Safe—Specify R AY p |=Tale)a 


for engineered protection 


Man has always recognized the importance of personal protection . . . during Caesar's time 
a light metal shield was often enough but today man’s armor has a different design, 
a different purpose: to protect him against invisible, harmful radiation 

The creative design and exacting manufacture of these shielding materials and devices 
have been the vital tasks of RAY PROOF for over 28 years. Here is unmatched “know-how” 
and experience experience that stems from the start of the industry! Thousands of 
RAY PROOF products are already being used by the world’s foremost companies and schools. 
Entirely dependable performance earned for RAY PROOF the title of “the most trusted 
name in radiation shielding.” 

Increased new facilities make RAY PROOF the largest exclusive shielding producer... 
you benefit from improved facilities enabling lower costs. RAY PROOF engineered products 
are available for every energy level in the exact style and size needed to fit your 
requirements 

DETAILED INFORMATION—FREE. Send for RAY PROOF literature illustrating these products. 
In shielding, complete protection is a must why settle for less than RAY PROOF? 
RAY PROOF CORPORATION, Special Services Department, Room #19, 843 Canal Street, 
Stamford, Connecticut 


SHIELDING WINDOW SOURCE CONTAINER SHIELDING DOOR 


Pioneers In The Creative Use Of Materials For Structural Radiation Shielding 


served For two or three contacts, a 
trend towards decreasing factor with 
TBP 


noted, and the reproducibility of factor 


increasing concentration was 
determinations became poorer, The 
trend towards a decrease in factor upon 
several contacts with 10M nitric acid is 
probably due to the formation of in- 
creasing amounts of the species TBP- 
(HNOs)> in the organic phase. 
Recommended procedure. The fol- 
lowing procedure is recommended for 
analysis of samples by the acid-satura- 
tion method: Transfer a 25-ml aliquot 
of the sample to a 125-ml separatory 
funnel. If the sample contains ura- 
nium or other inorganic constituents, 
extract once with about 25 ml of a 10% 
(w/v) sodium carbonate solution. Dis- 
card the carbonate layer. Transfer a 
25-ml aliquot of 8.0M nitric acid to the 
Shake the mixture 
Allow the two 


phases to separate and discard the lower 


separatory funnel. 
vigorously for 2 min. 
aqueous phase. Repeat this acid ex- 


traction twice more. Transfer an 
aliquot of the organic phase to a 250-ml 
beaker Add about 100 ml of distilled 
water and 10 drops of 0.1% (w/v) 
Titrate 


with 0.2M standard sodium hydroxide 


bromthymol blue indicator 
using a& magnetic stirrer to keep the 
Approach the 


end point slowly so as to allow the last 


sample well agitated 
traces of acid in the organic layer to be 
titrated Using a factor determined 
by similar treatment of standard solu- 
tions with the same acid, calculate the 


Y, TBP from the expression 


VM of NaOH 
aliquot of organic phase titrated 


% TBP 


ml x 


factor 
Formation constants of TBP — nitric 
acid complexes. Itisgenerally agreed 
15, 21-23) that extraction of nitric 
acid by TBP solutions proceeds accord- 
ing to Eq. 1 with an equilibrium con 
stant of about 0.2. However, none of 


the previous investigations satisfac 


| torily explain the extraction behavior 


from solutions of high nitric acid 
concentration. 

The formation constants of the com 
plexes formed between TBP and nitric 
acid may be determined by the method 
of Bjerrum (24). The quantity fi 
which is the average number of nitric 
acid groups bound per molecule of 


TBP, may be determined as 
HNO 
Crt 


where (HNOs)orng is the equilibrium 
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concentration of nitric acid in the or-| 
ganic phase and C'y,p is the total con- | 
centration of TBP. | 
Che data that was used to plot curve | 

in Fig. | was used to evaluatefi. The} 
average number of nitric acid molecules 
bound per molecule of TBP ranged | 
from 0.35 to 1.67 so that TBP\ HNOs)2| 
complex tormation seems likely. The} 
successive formation constants were | 
approximated as recommended by 
Bjerrum from a plot of # against the 
reciprocal of the concentration of the 
uncombined nitric acid. Since the 
equilibrium studies were not made at 
constant ionic strength, the concentra- 
tion of uncombined nitric acid was cor- 
rected for activity changes (25). The 
temporary constants thus determined 
were substituted into the formation 
function and closer approximations 
were then calculated. The constants 
obtained were k, = 0.45 and kz = 0.039. 
Most of the data previously reported 

in the literature is not suitable for an 
evaluation of the formation constants 
rding to the method of Bjerrum 

her because the data were presente d 
form of distribution curves from 
sccurate values of the equilib- 
oncentrations of nitric acid could 
measured or because the studies 

not conducted at high enough con- 
rations of nitric acid so that an 
value of 1.0 was attained However 
Hardwick et al 26) determined the 
partition of nitric acid between water 
and a 20% solution of TBP in kerosene 
for aqueous concentrations of nitric 
acid as high as 13.1M From this data 
formation constants of 0.44 and 0.020 
were obtained for k, and kz, respec- 
tive The value of ky was only half 
as large as the value obtained from our 
data possibly because higher concen- 
trations of nitric acid were not used in 

this study 

From the values of 0.45 and 0.039 for 

it has been calculated that 

solution of TBP is in equilib- 

vith an 8M nitric acid solution, 

of nitric acid to TBP in the 

phase is approximately 1:1 as 

een previously observed; but 

about half the acid is present as 


rBP(HNO 


U-Saturation Methods 


Visible spectrophotometric method. 
l'o determine the absorbance spectrum 
’BP-uranium complex, a solu- 

irany! nitrate in 5% (v/v) TBP 

ured by contacting the TBP | 
overnight with a slurry of 

ura nitrate hexahydrate. Analysis 
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HIELDED 
VISIBILITY 


SAFETY WITH LOWER COSTS...two reasons why 
RAY PROOF ZINC BROMIDE SHIELDING WINDOWS 
can satisfy your viewing requirements 


Optical grade zinc bromide — as manufactured by Michigan 
Chemical Corporation —is acknowledged to be one of the best 
shielding mediums known! 

In a RAY PROOF® shielding window —custom designed and fab- 
ricated to your specifications — it combines safety with economy. 


Learn all the exclusive advantages RAY PROOF zinc bromide 
windows offer to you. Write to RAY PROOF CORPORATION, 
Special Services Department, Room 18, Canal Street, Stamford, 
Connecticut. 

We are building our future ...on performance today! 

RAY PROOF also manufactures a complete line of structural 
shielding materials and devices —rooms, doors, containers, safes 
— technical literature on request. 


Pioneers In The Creative Use Of Materials For Structural Radiation Shielding 
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Give You More Work Space 
Take Up Less Room Space 





Here's age news for laboratories— 


especially those with limited space. 
Kewaunee's new Airflow Thinwall Fume 
Hoods provide 5 inches more working 
space in 4 inches /ess room space. 

Rigorous testing and actual laboratory 
use indicate that the new Thinwall Hoods 
are only slightly less efficient than 
Kewaunee Supreme Hoods, and have 
approximately 50% greater efficiency than 
most conventional Hoods 

It has a variety of outstanding features, 
too. Eye-level remote control and service 
fixtures .. . automatic bypass . . . excep- 
tionally attractive appearance. In every 
detail you'll find the Thinwall has been 
thoughtfully designed to fill a real need— 
and craftsman-built for years of efficient, 
economical use. 


Get full details on Kewaounee’s 
complete line of Fume Hoods— 
from the handy, able Flexi- 
hood to the big Airflow Supreme 
—in this new e catalog 
Shows photog . drawings, 
specifications, operating dota, 

other helpful information 
Send for your copy now — it's free 


44MELOM 


a Sere 


 rewaunee 
@ 
ea . 
ee 
KEWAUNEE MANUFACTURING CO. 
5083 S. Center St., Adrian, Mich. 
REPRESENTATIVES IN PRINCIPAL CITIES 
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280 320 360 400 440 
Wavelength (my) 


FIG. 2. Absorbance spectrum of TBP-ura- 


| nium complex in Amsco diluent 


of this solution indicated a uranium 
0.088 M, 


within 5% of the theoretical value for 


concentration of which is 
the quantitative formation of the com- 
plexyU0.(TBP). The spectrum of the 
TBP-uranium complex was obtained 
by diluting this solution and is shown 
in Fig. 2. An absorbance peak was 
observed at 414 
region of the spectrum as reported by 
Rider (19). 

Our first investigation was into the 


415 my in the visible 


possible application of Rider’s method. 
Rather than work with the small vol- 
Rider used be- 


cause of the radioactive Dature of his 


umes of solution that 


samples, it was decided to use 25 ml 
the 
apparent 


of organic solution. From ab- 


sorption spectrum, it was 
that the optimum range of TBP con- 
centration at 415 my would be approxi- 
mately 1-104 It was calculated that 
3 ml of saturated UNH solution should 
provide enough uranium to saturate a 
10% 


50% excess 


TBP solution and leave about a 


A series of solutions containing | 
10% TBP were equilibrated with 3 ml 
of saturated UNH solution. The ab- 
sorbance of the organic phase was 
measured at 415 my. Beer’s law was 
obeyed for the solutions containing up 
to 5% TBP, but the more concentrated 
solutions were less optically dense than 
expected. 

Another series of experiments were 
performed in which 25 ml of 1, 5, and 
10% TBP were contacted with 3 ml of 
saturated UNH solution plus 0-5 ml of 
saturated aluminum nitrate, which was 
added as a salting agent. This data is 
presented in Table 2. Three milliliters 
of aluminum nitrate solution provided 
about the maximum extraction assist- 
ance and further amounts did not aid 
the extraction appreciably. 

A calibration curve was prepared 
using the following procedure: Transfer 
3 ml of saturated UNH solution and 
3 ml of saturated aluminum nitrate into 
Add 25 ml of the 
Cap the vial and equi- 


a screw-cap vial. 
TBP solution. 
librate the two phases for 5 min on a 
mechanical shaker. Centrifuge to sep- 
arate the phases. Pour a portion of 


the organic phase into a clean, dry ab- 





TABLE 3--Comparison of Acid Saturation and Visible Photometric Methods 


% TBP 


Sample Volumetric 
5.06 
5.03 
1 ON 


PAG 143 
145 


Photometru o// Differenc e 
5.01 0.99 
5 00 0.60 
5.06 +1.20 








TABLE 4—-Comparison of Visible and Ultraviolet Photometric Methods 


TBP 


Sample V istble 
5.06 
5.05 
5.10 
4.81 


PXAG 127 
147 
165 
WES 101* 


l'ltraviolet % Difference 


+4.6 
5.29 +4.8 
5.30 +3.9 

78 —() .62 


5.29 


* Contained no extracted inorganic material 
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RADIATION SHIELDING 
1S OUR SPECIALTY... 


Manufactured and Installed to suit 
the specific requirements of ... 
e ATOMIC ENERGY 


= NUCLEAR INDUSTRIES 
= HOT LABORATORIES 


= INDUSTRIAL X-RAY ROOMS 
= BIOLOGICAL LABORATORIES 


Stainless steel equipment of intricate design, 
fabricated to precise tolerances. Years of ex- 
perience in the A, E. C. field enables us to 
meet your most rigid requirements .. . 





BOSTON 22, MASSACHUSETTS 





for Super-Fine Cutting 
of Hard, Brittle Material... 


the cHhhie Industrial 


Airbrasive Unit 


Many unusual operations — some on a mass-production basis — 
can be performed with our industrial Airbrasive Unit. This 
photograph dramatically illustrates its precise, delicate cutting 
ability. Developed from the Air-Dent equipment made by 

S. S. Wurre for the dental profession, the unit gas-propels a stream 
of abrasive particles at high speed to provide a fast, cool 

and shockless cutting action. 

The unit can be used to etch glass, cut crystals such as germanium 
and other crystalline forms, remove deposited surface coatings. 

It can also be used to etch, drill and light-deburr hard, 

brittle materials. 

This is not all — many other practical uses have been found for 
the Airbrasive Unit. 

We'll be glad to test the airbrasive process on your sample 
parts. For further information, just drop us a line. 


bide 


First Name in Airbrasive Cutting 


“ 


—_ 


S. S. White industrial Division, Dept. 0. 10 East 40th Street, New York 16, N.Y. 
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Western Office: 1839 West Pico Bivd., Los Angeles 6, Calif. 








sorption cell, and measure the absorb- 
ance against a blank o! Amsco diluent 
treated in the same manner as the 
samples. 

For the range of 1-7% TBP, the 
average absorbance index obtained was 
0.168, and the coefficient of variation 
was only 0.6% 

A slight turbidity was observed in 
the colored solutions when the solutions 
were left exposed to diffuse daylight 
for 2 hr. However, the stability in- 
creased to 7 hr if the samples were 
stored in the dark. 

The method was evaluated for preci- 
sion and accuracy by analyzing several 
process samples by the acid-satura- 
tion method and by the visual photo- 
metric method. The samples were 
stripped twice with 10% (w/v) sodium 
carbonate to remove any nitric acid, 
uranium and other extracted materials 
from the organic phase before analysis. 


The answers obtained by both methods 


| are compared in Table 3. An average 


deviation of about 1% was observed 
between the two methods 

Ultraviolet spectrophotometric 
method. While only one absorption 
peak was observed in the absorption 
spectrum shown in Fig. 2, it is evident 
that a large increase in sensitivity could 
be achieved by measuring the absorb- 
ance in the ultraviolet region of the 
spectrum, Since it has been reported 
27) that uranium may be determined 
with great sensitivity by measurement 
of the ultraviolet absorbance of the 
complex of uranium(VI) with TBP, it 
seemed possible to determine TBP in a 
similar manner 

Preliminary investigations indicated 
that absorbance measurements at 
280 mu were reproducible while at 
lower wavelengths a great deal of varia- 
tion was observed in absorbance meas- 
urements taken from day to day To 
establish the optimum conditions for 
extraction, an experiment similar to 
that reported for the visible method 
was performed. Twenty-five ml of 
0.01, 0.05 and 0.10% TBP solutions 
were contacted with | ml of saturated 
UNH solution plus 0-3.0 ml of satu- 
rated aluminum nitrate solution. Two 
ml of saturated aluminum nitrate solu- 
tion was determined to be a suitable 
concentration of salting agent to satu 
rate the organic phase with uranium 
for ultraviolet analysis 

Calibration data was obtained in a 
manner similar to that employed ior 
the isible photometri method. The 
iverage absorbance index for the con 


centration range of O0.02-0.099% was 
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How far 


Truly remote handling 
itations of 


the lim 


between 


without 
linkage 
operator and slave, is becoming a neces 
sity in 


mechanical 


today’s nuclear 


rescar¢ h and in 


dustrial installations 


The Marvel-Schebler Electro-Mechan 
ical Manipulator is designed to provide 
fully remote operation with a true sense 
of feel and full proportional control with 
only an electric cable 


between master 


You are 
operat 
Trade Fair in 
Oct. 28-31 


Neu 
1957! 


cordially invited to see 
this manipulator at the 


York 


is REMOTE? 


and slave Operator training is extremely 
simple and operator efficiency is greatly 
increased 

Major economics are 


possible im cave 


construction 


costs because of 


ce cCTCUS d 
head-room requirements 


A wide variety of manipulator mount 


ing systems are possible to provide a 


complete 


remote handling 


system tor 


any applic ation 


and 
Atomic 
Booth 107-108 


MARVEL-SCHEBLER /(Cocucts Division 
BORG-WARNER CORPORATION, DECATUR, ILLINOIS 





MEMORANDUM: 


From the Desk 
of the President 





To: Purchasing 
Department 


Investigate Davison's 
entry into the 
thorium and rare 
earths field. Under- 
Stand they are pro- 
ducing materials 
which should be 
interest to us. 


of 


They have a 
reputation for de- 
pendability of prod- 


ucts and service, 


ry 


Two plants, one at Pompton 
Plains, N. J. (formerly Rare 
Earths, Inc.) and one at Balti- 
more, Md. are in operation. 
Your inquiries concerning 
products, samples and research 
and development services are 
welcome. 


Progress Through Chemistry 


DAVISON CHEMICAL COMPANY 


Division of W. R. Grace & a 


Baltimore 3, Md. and Pompton Ploins, M. J. 


i" 








10.2 and the coefficient of variation was 
1.1%. The stability of these dilute 
solutions of the uranium(VI) TBP | 
complex is the same as the more con- | 
centrated solutions, i.e., a very slight | 
turbidity begins to form after 2 hr. 

The the 


photometric method was evaluated by 


accuracy of ultraviolet- 
comparing the analyses obtained on 
several process samples by the visible 
photometric method with the analyses 
obtained the 
metric method on 100-fold dilutions of 
The 


stripped twice with 5% sodium carbon- 


by ultraviolet-photo- 


these samples. samples were 


ate solution before analysis. The com- 


parative analyses are presented in 


Table 4 


tween the two methods was about 4 


The average difference be- 


5% when the sample contained ex- 
tracted inorganic material, but much 
better agreement 
TBP solution that had not been used 
for Therefore it 
seems that a very thorough stripping of 


was obtained on a 


solvent extraction. 
the sample will be necessary to achieve 
the desired degree of accuracy 
the 
Also 


Amsco diluent was found to vary from 


ultraviolet-photometric method 


the ultraviolet absorbance of the 


lot to lot so that it is very important to 
prepare the calibration curve with the 
same diluent used in the samples 


* + * 


The Raw Materiala Development Labora- 
tory ia operated by the National Lead Com- 
pany, Inc., for the U. 8 Energy 
The work waa out 
under contract No, AT(49-0)-024 


Atomic 


Commiasion carried 
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Research Reactors 
Stationary Reactors 
Mobile Reactors 


Gamma Source 
Irradiators 


Hot Laboratories 
Medical Therapy 


High Heat Transfer 
Containers 

Shipping and Storage 
Containers 


Core Handling 
Facilities 





Visit BOOTH #280 AT THE 
'5S7 ATOMFAIR 


KNAPP MILLS 


pR GC eerr ees Uw 


CONSULTING 
FABRICATED EQUIPMENT 
CONSTRUCTION 














Long Island City, N. Y. 
Wilmington, Del. 
Chester, Penna 


Baltimore, Md. 
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MECHANICAL 
PRINCIPLE 


HARMONIC DRIVE . rugged - reliable 
durable - silent - versatile - new 


Harmonic Drive is a wholly different concept 
employing controlled waves of deflection. . 
reaching through steel walls, vessels or pipes . . . 
to produce powerful linear, angular or rotary 
forces with high precision and positive position 
indication. 


Obviously, valves and pumps using this prin- 
ciple can be built absolutely leakproof . . . since 
there is no need for stuffing boxes, packing 
glands, or other devices to protect a mechanical 
linkage between the inside and the outside. 


If you are concerned with the design of 
hermetically sealed pumps and valves . . . fuel 
handling and control systems... . or related areas 
of nuclear technology . . . then come to Booth 
242-3 at the AtomFair in New York’s Coliseum, 
October 28-31, and see these Harmonic Drive 
mechanisms in operation. See for yourself that 
it’s still possible to build “something new under 
the sun.” 


UNITED 


SHOE MACHINERY CORPORATION 
ATOMIC POWER DEPARTMENT 


Baich Street, Beverly, Mass. 
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FIG. 1. Circuit diagram of probe 


By F. E. ARMSTRONG 
Division of Petroleum, Bureau of Vines 
U.8 Department of the Interior 


Bartles ule, Oklahoma 


The advent of modern “slim-hole”’ 


drilling techniques and methods of 
completing oil wells with small-diam- 
eter tubing, often lined with a protec- 
tive material, has imposed limitations 
on the diameter of instruments used for 
The use of 
cement-lined tubing in 


The 


mall inside diameter of 144-in. cement- 


logging completed wells 
2- and 144-in 


uch wells is common practice. 


lined tubing and the possibilities of 

misalignment and of thick spots in the 
mating prohibit logging probes with 

in outside diameter > 1 in. 

Operating pressures ex¢ eeding 2,000 

not uncommon at the bottom 

(500 


psig are 


ol comparatively shallow wells 


3,000 ft Fortunately, maxi- 


deep 

mum temperatures in such wells seldom 
exceed 135° I 
heads necessitates running the logging 
The 
de- 


under such con- 


Pressure at some well- 


cable through a packing gland. 


instrument deseribed herein was 


lor operation 
water-flooded 


gned 
ditions in petroleum 
reservoirs to measure radioactive-tracer 
materials used in field studies 

All components used in constructing 
easily avail- 

The total 


exceed $175 


probe are standard 
items 


not 


commercial 


does 


ol parts 


urface instruments now used with 


HEAT CRCHANGES 


For information, write 


At Products Division 


C. H. Wheeler Mfg. Co. 








FIG. 2. Subassembly units of probe 


October, 1957 - NUCLEONICS 





A simplified guide to select... 
a) 


umps for 
r eauieal fluids ! 


The chart below offers an easy guide to proven pump types 
now available for nuclear fluid handling. These pumps 


are listed by types of fluid circulated in the 


three basic commercial reactor developments. 


FLUID CIRCULATED 


PRESSURIZED WATER, 
BOILING WATER AND 
HEAVY WATER 


LIQUID METALS 
(SODIUM, BISMUTH, ETC.) 


*Pressures as required 


ORGANIC 


EXPERIMENTAL 
NUCLEAR 
DEVELOPMENTS 





RECOMMENDED 
PUMPS AVAILABLE 


a. Liner Motor Purnps 


b. Mechanically- 
Sealed Pumps 


a. Vertical-Inert Gas 
(Mechanically-Sealed) 


b. Vertical-Oil Filled 
Motor Pump 
(Mechanically-Sealed) 


c. Vertical-Gas Filled 
Motor Pump 


d. Liner Motor Pumps 


a. Special Process Pumps 
(Mechanically-Sealed) 


Byron Jackson's Nuclear Pump 
Section is ready to assist you 
in new development projects 
All of the above pump types 
are available and new designs 
can be created for experi- 
mentation. 





Capacities To 17,000 gpm 
Pressures: To 5300 psi 
Temperatures: To 700° F. 


Capacities: To 125,000 gpm i 
Pressures: To 2,000 psi 
Temperatures : To 600° F. 


Capacities : To 25,000 gpm 
"Pressures 
Temperatures: To 1600° F. 


Capacities: To 5,000 gpm 
* Pressures 
Temperatures: To 1600° F 


Capacities: To 5,000 gpm 
“Pressures 
Temperatures: To 1600° F 


Capacities: To 5,000 gpm 
"Pressures: 
Temperatures: To 1600° F 


Capacities, pressures and 
temperatures as required 


Capacities, pressures and 
temperatures as required 


ONLY BYRON JACKSON designs and manufactures nuclear 
pumps and mechanical shaft seals to answer all nuclear fluid 
handling requirements. BJ Pumps are in use or on order for almost 
all major commercial reactor developments in the United States. 
This broad background in nuclear pumping methods can help 
you find the best answer to your small or large nuclear pumping 
requirements ...with important savings in time and money. 


INCORPORATED 
A Subsidiary of Borg-Warner Corporation 


BOX 2017A, TERMINAL ANNEX - 
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LOS ANGELES 54, CALIFORNIA 


8) Liner Motor Pump 


World's largest 
Liquid Sodium 
Pump 


8) Special Process Pump for Organic Fiuids 


Va HP, 2000 PSI Liner 
Motor Pump 





For the Field of Advanced Nuclear Research 
—these Detectolab® Products 


Fast-Slow Coincidence Circuit 


Model D7ZA offers the nuclear scientist the 
fastest, commercially-available coin- 
cidence circuit for advanced radiological 
research. 

Model DZ4 is specifically designed for 
use with two Detectolab Gamma Ray 
Spectrometers; delay line modification 
permits channel analyzers having differ- 
ent transit times 
¢ Coincidence selectivity of any two or all 

three channels (fast sum and two slow 

channels). 

FAST channel resolving time 0.01 usec 

to several usec 

FAST channel counting to 40,000 coin 

cidence cps. 

Delay between fast and siow coincidence 

changeable with no circuit modification 

Elimination of need for elaborate cooling 

system for photomultiplier tubes 


MODEL DZ4 


DZ4 in use with two 
DZ41 Gamma Ray 
Spectrometers 
Physics Department, 
Ohio State University 
(Courtesy, Ohio 
State University) 


Linear Count Rate Meter 


Model DM12 is a high precision labora 
tory instrument designed to count pulses 
from GM tubes, scintillation detectors 
single channel pulse height analyzers and 
the like. Identical to the ORNL Q-1511 
circuit, this model features 
e Better than 1% accuracy 
e Long term stability better than 2% 
e Front panel control of input sensitivity; 
continuously variable from — 50 to 
+ 100 volts 
Ten counting ranges to 3,000,000 cpm 
Provisions to drive 0-10 millivolt 
recorder. 
Front panel calibration control 
2.0, 0.6, 0.2% standard deviation 
control 


MODEL DM12 


Detectolab Nuclear instruments are products of 


LB. - 
B 


ELECTRONICS 


Reliability you can count upon 


BORG-WARNER CORPORATION BM 
) 


3300 NEWPORT 


BLVD., SANTA ANA, CALIF. 


EXPORT SALES: BORG-WARNER INTERNATIONAL CORP., CHICAGO, ILLINOIS 
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the probe were designed and formerly 
used by the Federal Geological Survey 
for making radioactivity-data studies 
of exploration holes drilled in uranium- 
prospecting operations.* No changes 
were made in the counting-rate meter 
or recorder. The high-voltage power 
supply of the ratemeter is not used 
with the logging probe described here. 


Instrument Description 


The probe consists of a cluster of five 
small G-M tubes, a transistor high- 
voltage supply, a transistor pulse- 
shaping and amplifying stage and a 
mercury-cell battery pack housed in a 
stainless-steel tube. 

Figure | is a schematic diagram of 
the probe circuit. The various compo- 
nents of the probe circuit were assem- 
bled on small termina! boards that plug 
into each other to form the complete 
circuit unit. This kind of construction 
allows rapid substitution of spare units 
The outer shell 
of the probe is a welded stainless-steel 
tube, with a 1-in.-o.d. and a 0.064-in.- 
thick wall. The ends of the shell are 


sealed with ‘‘O”’-ring assemblies. 


for field maintenance 


The inner conductor of the logging 
cable is insulated with 0.025-in. poly- 
0.005-in, 
nylon to protect the insulation from 
abrasion by the steel armor. The seal 
the the 


probe 18 @ simple neoprene COmMpression 


vinyl plastic covered with 


through which cable enters 
ring that seals directly upon the outer 
the Only 


other wire of the armor is clamped in 


layer of insulation. every 
the head of the probe to insure that the 
cable will break at the probe if the in- 
becomes lodged in the hole 
The plug 
at the bottom of the probe is a solid 


strument 
and cannot be pulled free 


10 in. long added to in- 
the 


2 shows the four 


steel section 
crease the weight of instrument, 
Figure subassem- 
blies that make up the complete probe 
circuit. A coil spring in the bottom of 
the probe shell maintains contact be- 
tween the cable terminal and the probe 
circuit and serves as a shock absorber. 
A screen-covered container in the probe 
holds a desiccant. 

The G-M tubes are halogen quenched 
They 


in diameter and 8 in. 


and operate at about 650 volts. 
are about 546 in 
long and were designed particularly for 
work, A 

audio transformer (T-1) 
pedance between the G-M tubes and 


geophysical subminiature 


matches im- 


the base of the pulse-amplifier transis- 


tor (Q-1). Transistor Q-1 operates 


* A detailed description of this unit may 
be found in AEC publication TEI-87 


October, 1957 - NUCLEONICS 





This mockup of the pressurized water 


reactor for the nation’s first full-scale 
civilian nuclear power station, being built 
at Shippingport, Pa., rises four stories tall 


at Bettis Atomic Power Division. The full- 
size model is shown when it was under 
construction. The Shippingport Atomic 
Power Station is being built as a joint 
venture of the United States Atomic 
Energy Commission and the Duquesne 
Light Co. Westinghouse is developing the 
nuclear components under a contract with 
the AEC. Duquesne Light Co. will operate 
the station. 

Design of the Shippingport reactor is 
just one of the challenging nuclear pro- 
jects at Bettis, one of the leaders in the 
growing atomic power industry. We 
welcome inquiries from physicists, 
mathematicians, and engineers 
interested in a rewarding career 
in this new industry. Please 

address your résumé to: 


Mr. M. J. Downey 

Bettis Atomic Power Division 
Westinghouse Electric Corp. 
Dept. A201 

P.O. Box 1468 

Pittsburgh 30, Pa. 


BETTIS 
ATOMIC POWER DIVISION 


Westinghouse 


j, 


. : y 
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without bias and conducts little or no 

current, except during the period of an 

» applied pulse. As the pulse amplitude 

ff ti from the G-M tubes is sufficient to 
e ec ive drive Q-1 into saturation, the amplifier 
also serves as a pulse-shaping and level- 


| 7 
$0 ution ing stage A second subminiature 


audio transformer (T-2) matches the 


for sal collector load impedance to that of the 


cable (about 50 ohme The crystal 


* e P 
diode across transtormer -4 prevents 
shielding liode across ¢ T-2 prevent 


“overshoot” at the collector and damps 

* s * ; 
windows out any tendency toward “ringing” in 
: the output circuit. The output pulse 
at the surface is about SO usec long and 
0.1 volt in amplitud tise time is 
about 3 usec and the pulse quite square 


The high-voltage power supply con- 
THE PROBLEM OF SHIELDING VIEWING WINDOWS is solved sists of a square-wave oscillator, a sub- 


with an optical grade solution of zinc bromide. Prompt delivery of this miniature audio transformer (T-3) used 
compound, proved satisfactory and in compliance with all AEC as a voltage step-up device, a miniature 
high-voltage selenium rectifier and a 
specifications, is offered by Michigan Chemical Corporation, a quality simple RC filter network Jecause of 
producer of chemicals for more than 20 years. the frequencies involved and the very 
low current drain, enough filtering is 


as — amall canacitora = 
For further information let us send achieved by two small capacitor Al 


you a reprint of an article from 
NUCLEONICS . . . “Design and 600 volts, no difficulty has been experi- 
Construction of Viewing Windows”. enced during long periods of operation 

: = at 700-volt levels, A second simple 
MICHIGAN CHEMICAL CORPORATION, fC filter isolates the power-supply os- 
522 Bankson Street, Saint Louis, Michigan cillator from the battery source and 


though the capacitors are rated at but 


prevents coupling with the pulse ampli- 
fier. A thermistor that shunts the 10k 
decoupling resistor provides a some- 





_ 
ger Bl see eee senennseeecececanuasacssay 





what crude but effective temperature- 
compensating device. tegulation of 


NEW, Pyrometer Indicator 


Null Balance, Potentiometer Type 


MiniMire 


Has 23 Inch Double Scale 


Small Size Extremely small and compact, 
this null balance Portable Potentiometer Indi- 
cator weighs under four Ibs. and measures 
only 4" x 5" x 6" 


the output voltage is satisfactory over 
the normal operating range of the in- 
strument (80-125° F) 

The power supply for the circuit is 
three mercury batteries in series sup 
plying 2244 volts at 1.1 milliamperes 
The rated capacity of the batteries used 
is 350 milliampere-hours, allowing a 
practical useful life of more than 250 hi 
A slide switch in the head of the probe 
is used to energize the circuit when the 
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Scale Range Despite its small size the “Mini- cable is connected. 


Mite” has a 23'4 inch double range scale. : . 
There are 15 available scales for all stand- Discussion of Results 

ard thermocouple materials. These scales The instrument has been used inter- 
include temperature ranges from 300°F 
to + 3200°F. and millivolt ranges from O 
to 62. Measuring accuracy is ‘4 of 1% of months with quite satisfactory results 


scale range Good correlation has been obtained 


Therme Electric 


MiniMire mittently in the field for more than 6 


Dual Application The “MiniMite' can meas- with gamma-ray logs made with much 
ure temperature directly when connected to 
a thermocouple, or check other potentiometer 
or millivoltmeter-type instruments when used ionization-chamber 
as a calibrating instrument ational difficulty or instrument failure 


Write for Bulletin 64-K. has occurred. The probe has been 
used in wells in which bore tempera 


Thermo Electric 0.4 from 70° to 123° F und 
tures ranged from 70° to 123° F under 
OSC 
erm oce NEW JERSEY hydrostatic pressures as high as 750 
In Canada — THERMO ELECTRIC (Canada) Ltd., Brampton, Ont. psig without observable error. Sensi- 
tivity might be increased, if desirable 


larger commercial instruments of the 
type No oper- 


ow SSS SSERERRRER ERR ERR EER EER ERE RG RRR eae ee 
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STRUCTURAL STRENGTH YW 
CORROSION RESISTANCE 
HEAT RESISTANCE Y 
NEUTRON TRANSPARENCY Y~ 


—low neutron cross-section 


QUALITIES OF ZIRCONIUM 
ANSWER SEVERE NUCLEAR REQUIREMENTS 


Because of its unique combination of struc 

tural strength, exceptional corrosion resist 

ance, ability to withstand high temperatures, 
and virtual transparency to thermal neu 
trons, pure zirconium is one of the most 
important metals in today’s rapidly advan 

ing nuclear technology. Zirconium meets the 
toughest requirements as a structural mate 
rial in reactors and also as a cladding metal 
for fuel elements. 


With its new plant at Ashtabula, Ohio, U. S. 


Industrial Chemicals Co. makes available an 
important new source of zirconium metal. A 
new, semi-continuous sodium reduction 
process yields a top-quality product of high 
purity and uniformity, at a significant sav 
ings in costs. In 1958 reactor-grade zir 
conium will be priced at $4.75 to $6.50 a 
pound, depending on quantity. Commercial 
grade will sell for about $1.50 less. 
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In addition, the U.S.I. process produces zit 
conium in a new, non-pyrophoric, non-hygro 
scopic platelet form, offering advantages over 
the more familiar sponge metal. It eliminate 
safety problems in handling and shipping, 
permits a cleaner, safer melting operation 


To answer your questions about zirconium, 
U.S.1. has prepared a new booklet 
“ZIRCONIUM and HAFNIUM”., It lists the 
important facts about these new metals, com 
pares their properties with other metals, 
describes the common fabrication technique 
and also discusses the new U.S.I. sodium 
reduction process For your copy and any 
other information you require, just send a 
request on your company letterhead. 


USTRIAL CHEMICALS CO. 


Division of Netional Distillers and Chem 
99 Park Ave., New York 16,N. Y 
Branches in principal cities 
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Decontaminate 
radioactive clothing 
with American 


\ 


world’s largest manufacturer of 
laundry and dry cleaning equipment 


A complete planning service is available 
from The American Laundry Machinery 
Company to help nuclear plants establish 
efficient decontamination and laundry 
facilities. 

This service, based on more than 89 
years’ experience in the textile mainte- 
nance field, includes detailed drawings, 
floor plan layouts and complete specifica- 
tions for each installation. Finished plans 
show the location, size and floor loads of 
all machines. Solvent, water, steam, com- 
pressed air and electrical requirements 
are computed, together with size and lo- 
cation of all service connections. Every 
detail necessary for an efficient, space- 
saving clothing decontamination depart- 
ment is included, 

In addition, American's 
assistance is always available 
representatives, Service engincers, 


continuous 
Individual 
lo« al 
offices and repair depots are strategically 
located in 84 communities throughout 
the country 


For complete information on hou 
American serves the atomic 
energy field, send for 

Bulletin No. 2642. 


& 


_ You can expect more from 


¢? 
merican 


| break in the record. 


of G-M the 
size limit would be reached quickly. 


tubes used. However, 

One major advantage evident in the 
operation of transistor-operated bot- 
instruments is the 
sensitivity to 


tom-hole almost 


complete absence of 


shock 
dropped nearly 100 ft from where it had 


The prototype instrument was 


become lodged in the hole to the end of 
the cable without damage or even a 
Care, of course 


must be exercised in the design of 
mountings for the G-M tubes to avoid 
breakage. the 
unit’s light weight makes it relatively 
insensitive to severe shock. 


insulator However, 


The principal difficulty is lack of 
enough weight to give ‘“feel”’ to probe 
operation in the hole. The point of 
bottom-hole contact probably can be 
a contact-sig- 


determined by adding 


naling device to the probe 


Silica Vials Improve 
Low-Level Counting 


By BERNARD W. AGRANOFF 
National Institutes of Health 
Public Health Service 

Bethesda, Maryland 


The effi- 


ciency and simplicity of sample prepa- 


relatively high counting 
ration have made liquid scintillation 
counting techniques increasingly promi- 


nent in the measurement of weak beta- 


| emitting isotopes such as C'* and H*, 


The advantages of scintillation 


counting over proportional flow meas- 
urements have been offset in some in- 
stances, particularly in the counting of 
low levels of H4, by the relatively high 
background levels encountered with 
liquid-scintillation procedures 

Since this high background is due 
primarily to the naturally occurring 
K* in the glass containers containing 
the phosphor mixture, various types 


of vials were examined Replacement 


*Vycor and silica viala were prepared 
J. bk. Fuller, Jr 
Silver Spring, Md 

ti N. Hayes, D. G. Ott, V 


Leontcs 14, No. 1, 42 (1956 


American Instrument 


N Kerr, 


of the glass vial by one made of an in- 
expensive grade of silica produced over 
a three-fold reduction in background 
counts at tritium-counting voltages and 
a two-fold reduction for C**, 

The silica vial was made from Amer- 
sil clear fused quartz tubing (22-mm 
o.d.). 
The other vials were of approximately 


which was closed and flattened. 


the same diameter.* 

Samples were counted for 30 min ina 
Tri-Carb 
Into each vial was placed 5 ml of toluene 
04% 


scintillation spectrometer. 
containing 
and 0.01% B-bis [2-(phenyloxazolyl)|- 
benzene.t After 
were made, 9.01 ml of a toluene H* 


2,5-diphenyloxazole 


background counts 
standard was added to each vial and 
the efficiency of each was found to be 
essentially the same 

The results are shown in the table. 
It can be seen that using a silica vial, an 
H*® counting efficiency of about 13% is 
obtained with a background of about 
17 epm (10-50 20 % 
background of 37 epm (adding the two 
With C'™ 


ciency of 55% is found 


volts) or with a 
a counting effi- 
with a back- 
10-50 volts). 


( hann ls) 


ground of about 5 epm 





Comparative Background Counts with 


H* range 


10-60 volts 


A 52 


Commercial vial B 


Commercial vial 
, 
Vycor vial 

Silica vial 

C standard (39,300 dpm 

H?* standard (204,000 dpm 


* Discriminator bias, 


6 epm 


Various Vials 


~]1 300 volts C4 range ~1,000 volts) 


10 


14,981 
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New Ray Stoppers 


NATIONAL LEAD REPORTS RECENT DEVELOPMENTS IN LEAD SHIELDING 








NEW ISOTOPE LOADING 
CART FOR HOSPITAL USE | 


This new Therapeutic Isotope and 
Radium Loading Cart is designed to 
provide maximum protection for 
hospital attendants who transport 
or load radioactive isotopes. 

The cart comes equipped with an 
“L’”’-shaped shield, 16” x 16” x 10”, 
that gives a solid 2 inches of lead 
protection. 

Variations in side shielding are pos- 
sible through solid wall shielding or 
through removable lead bricks. The 


_ New Specially Designed 
Storage Vault 

combines portability 

with high 

shielding efficiency 


(J 


A new portable Isotope Storage 
Vault has been developed that sim- 
plifies in-plant handling of radio- 
active materials. The unit features 
lead-in-stainless steel shielding and 
a stepped closure design that pre- 
vents beaming. Lead protection is 4” 
in all directions, around a hot cav- 
ity *." x *4". Handle studs, locking 
screws and side bars are all heavy 
steel. Heavy-duty, swivel-type cast 
ers make the vault easy to roll, easy 
to maneuver in tight areas. The 


vault is also easy to decontaminate. 








unit can also be adapted for remote 
controlled finger rods. 


The table has an 18” x 24” 14-gauge 
stainless steel top standing 26” from 
the floor. It is furnished with 5” dia. 
x 144” tread conductive-type swivel 
casters complete with locking de- 
vices. A 15” x 16” framed plate glass 
viewing mirror mounted on one side 
completes the unit. Loading is per- 
formed manually while viewing into 
the mirror. 


NEW PORTABLE STORAGE CASK 
HAS NOVEL LID-LIFTING DEVICE 


This small spe- 

cially designed 

Isotope Stor- 

age Cask (about 

500 lIbs., 10%4” 

x 134%") pro 

videsall-around 

3” lead protec- 

tion, encased in 

stainless steel 

Hot cavity is 4” 

dia. x 6” deep. 

Not only is this 

cask easy to we 

move around 

the laboratory but raising and 
lowering the heavy cover is no 
problem at all. The rolling platform 
carries two uprights across which 
is a winch-like device. At the turn 
of the handle, steel cables attached 
to the cask lid raise or lower it. A 
ratchet arrangement holds the lid 
securely at any desired height. 





PROTECTION AND PORTABILITY TEAM-UP 
IN THESE NEW LEAD-SHIELDING UNITS 


More and more, hot labs and hospi- 
tals look to National Lead for shield- 
ing-with-extras. The units illustrated 
here are good examples of special 
jobs recently completed. 


The lead shield itself provides the 
radiation absorption for which it 
was designed, The method of fabri 
cation casting, rolling or extru- 
sion — insures maximum soundness 
and density. Stainless cladding is 
used according to customers’ speci 
fications. Where called for or indi- 
cated, the lead is bonded to the steel, 
using methods developed by Na 
tional Lead in building lead-lined 
equipment for leading chemical 


processors 


The units shown here are, of course, 
custom made. We emphasize, how- 
ever, our facilities for producing 
standard lead-shielded casks, vaults 
and shipping containers and we 


invite your inquiries 


NATIONAL LEAD SHIELDING, nationat LEAD COMPANY, Generat ofces: 111 Brondway, New Yorké 
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Nuclear 
Instruments 


AIR MONITORS 


Automatically record and warn of a, 6 and +» 
radiation in airborne particles for periods up 
to one week, unattended. Fixed or moving 
filters. Standard and custom units or com- 
plete systems. 


PROPORTIONAL COUNTING SYSTEMS 


For precision counting of a, @ and y radia- 
tion from prepared samples. Ideal for C", 
Ca’, P” and H’. New low power design re- 
duces heat, assures longer life. 


COUNT RATEMETERS 


Operate GM, scintillation and proportional 
counting detectors. Equipped to drive 
recorders and alarms, Logarithmic or linear 
models for monitoring or laboratory use, 


PORTABLE SURVEY METERS 


High precision, compact, portable Geiger 
and scintillation counters. Critical compo- 
nents shock mounted and watertight. For 
precise laboratory measurement or rugged 
field use. 


SEND TODAY FOR FREE LITERATURE 


Nuclear 


CD Measurements 
Corp 2460 N. Arlington Ave 
e 


Phone: Liberty 6-2415 


INDIANAPOLIS 18, INDIANA 


International Office: 13 E. 40th St, New York 16, N.Y 
See us in Booth 313 at the ATOMFAIR ‘57 
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Carrier-Free Solution 
Storage in Glass 


By |. L. PREISS and R. W. FINK 
Department of Chemistry 

University of Arkansas 

Fayetteville, Arkansas 


Solutions of carrier-free radioactive 


nuclides in many laboratories often are 
stored in glass containers. Recently 
we observed that milligram quantities 
of solids appeared in an initially carrier 
free solution of Ni® in 11M HC! after 
storage in a Pyrex container for four 
solutions stored in 


months. Similar 


bottles gave no such 


i 


polyethylene 
contamination, 
This 


milligram 


result is not surprising sinc 


amounts of solids 
from each 100 em? of Pyrex 
3M HCl (1), and NaCl is a 
product of the exposure of Pyrex wool 
HCI (2). Corning Glass 
Works indicates (3) that about 0.1 mg 
of solids is 100 
Pyrex glass in a 72-hr exposure to 5% 
HC} It is, well established 
that certain buffer and indicator solu 


mioy ed 


ylass by 
to gaseous 
removed pet em* ol 


moreover 


tions exhibit changes in pu when stored 


EDITOR'S NOTE: We 
useful communication from Preiss and 
Fink the 


purity ol radioisotope solutions and 


discussed this 


with others concerned with 
have come to appreciate that there is 
some semantic difficulty in the use of 
carrier-free, ’ 

Two interpretations of “ carrier-fre¢ 
solutions seem current: (1) a solution 


free of isotopes of the radionuclide of 
interest and (2) a solution free of iso 
topes and nonisotopic nuclides 

In the Oak Ridge National Labora 
tory isotope catalog and price list, the 
statement is included: “A radioisotope 
of an element is said to be carrier-free 
if all the atoms of the element that are 
present are also atoms of this radioiso- 
this 


and 


tope However, ideal is usually 


only Iree 18 


adde d 


approached carrier 


used here also to mean no 
carrier.” 

the 
ards-Association-approved 


of Terms in Nuclear Science and Tech- 


According to American-Stand- 


“Glossary 


nology,’ carrier-free means “ An adje¢ 
tive applied to one or more radioactive 
isotopes of an element in minute quan 
tity, undiluted with stable 


Also, the 


essentially 


isotope carrier,” glossary 


in hard glass for long periods of time 


4, O 
The 


radioactive 


contamination of carrier-free 


solutions by storage in 
however, has not been pointed 


the We 


to call attention to an obvious 


glass 


out in literature therefore 


wish 


though often overlooked, precaution 


should 


be stored in inert plastic containers, 


Carrier-free solutions always 
Moreover, the introduction of extrane- 


as HCl 


that have been stored in glass must be 


ous solids from reagents such 


avoided, usually by repurification of all 
reagents 
* * * 
This work was 
Vational 


flomu 


supported in part by the 


Foundation and the I s 


Science 


Energy Commission 
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(;. W. Morey Phe Properties of Glass 
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Boggs, H. P. Mosher, J. Am 
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1U38 
Chem, So 


(;laseware ( 
se Works, Corning, New York, 1056 


Harvey, private 
! 


italog of Laboratory orning 


ommunication (June 
Kolthoff, H A. Laitinen pu and 


litrations ch. 3 Wiley and 
New York, 1052 


defines carrier as: “‘ A substance in pon- 
derable amount which when associated 
with a trace of another substance will 
irry the trace with it through a chemi- 
cal or physical process, especially a 
the added 


a different element from 


precipitation process. If 
substance is 
the trace the carrier is called a non- 
isotopic carrier.” 

Other references consulted use ‘ car- 
rier more loosely to include both iso- 
material It 


would appear, from the references cited 


top and nonisotopir 
and other opinions solicited, that in the 


context of ‘“‘carrier-free solutions’ 
the more usual meaning is an isotopic 
eurrier 

Of course, the preceding and proba- 
bly unnecessarily long discussion is not 
detract the 
Preiss and Fink-——-people who 


solutions in 


meant to irom primary 
point ol 
ke ‘ ) 


should be wary 


glass containers 
This is especially true if the radio- 


nuclide is isotope with these elements 


normally present in glass. The prac- 
tice seems to be becoming more com- 
mon to keep carrier-free solutions in 


plastic containers. 
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Crane valves shown: 3-inch Type 304 stainless, No. 776 U— 
600-pound Pressure-Seal gate valves. Not visible: stainless 
drain line valves — ' in., Type 304 stainless Lip-Seal, No. 3862U 
—with extended stuffing boxes and leak-off connections. 


Experimental Boiling Water Reactor at 
Argonne National Laboratory, Lemont, Ill. 


EBWR controls “hot’’ feed water 


=a. * 


with CRANE Pressure Seal valves 


The reactor technician is about to open one of 
the four 3-inch Crane Pressure-Seal valves that 
control the flow of “‘hot’’ water to the two feed 
water filters. 

These stainless valves, and the Lip-Seal drain 
line valves on this installation, are among the 
many made by Crane for atomic service at the 
Argonne National Laboratory and other atomic 


power or propulsion projects in this country 

If you need valves for use in any kind of atomic 
power generation, production of atomic 
propulsion —con 


service 
materials or atomic-powered 
tact your local Crane Representative, or write to 
Crane’s Atomic Sales Section. The Crane booklet 
“Progress News of Valves for the Atomic In- 
dustry”’ is also available on request. 


See Crane's Valve Display—Booth 227—Atomic Show 


CRAN E VALVES & FITTINGS 


PIPE © PLUMBING «¢ KITCHENS 


HEATING © AIR CONDITIONING 


Since 1855 — Crane Co., General Offices: Chicago 5, Ill. Branches and Wholesalers Serving All Areas 
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NUCLEONIC 


CORP. OF AMERICA 


COM 
Nuclear 


and 


offers you a 
PLETE LINE of 


mentation, Accessories, 


Instru 
Services 


Scaler- 
Ratemeter 
RCR-2 Pro 


vides re- 
search ac- ©6e ey 

curacy for 

scientist, en- 

gineer, teacher and doctor, at 4% the 
COST, in % the SPACE. Never be 
fore . . . so much rugged instrument, 
at such low cost, in such a small, 
portable package 


Gateway Radiation 
Monitor 

GR-10 

For rapid 
personnel monitoring 
Fits into a doorway 
Separate alarms in 
dicate radioactivity on 
the left or right side 
head or feet, of per 
sons passing through 


100 Channel “Sunvic"’ 
Pulse Height Analyzer 
We are the exclusive 
U.S. distributor. Low 
price includes unique 
servicing features 
We spend 2 days set 
ting up and instruct 
ing. All expenses 
(materials, labor, tra 
vel) paid by us dur 
ing 90 day warranty 
period! 


Our Line Includes: 


Service Scintillation 


Film Badge 
Counters (alpha, beta, gamma, neu 
tron), Scalers, Ratemeters, Survey 
Meters, Neutron & Proportional 
Counters, Atomic Education Equip 
ment, Medical Isotope Labs Blood 
Volume Computers, Geiger Tubes 
and Counters, Inorganic Radioactive 
Isotopes, Carbon 14 Compounds, Per 
sonnel Protection Equipment, Ura 
nium and Oil Prospecting Equipment 
Sample Preparation Equipment, Ac 
cessories 


Consult us for any ttem 
not listed 


We invite you to visit 
Booth #327—AtomFair '57 
Catalogs available on request 
101—Uranium and Oil 
102-Atomic Education (for Teachers 
103—Nuclear Laboratory Equipment 
104—Medical Radioisotope. Equip 
ment 


Exploration 


NUCLEONIC CORP. 
of AMERICA 


196 Degraw St 
Brooklyn 31. N.Y. 


sensitive 





NRTS Has Longest Periscope 


National 


periormance in its 


Reactor Testing Station by 
air-craft-nuclear- 


Ninety-foot periscope is installed at 


|General Electric for observing reactor 


propulsion program. This one and companion 60-ft model enable operators to 


watch from behind shielding. Periscopes actually receive their images from 


remotely controlled, motor-driven scanning mirrors. Magnification provides 


images 144 times life size. Light is conserved by lens systems and black coating 


on inside of aluminum tubes. Erect images are maintained by motor-driven 


assembly of three mirrors 





NBS Offers Neutron-Source Calibration 


The National Bureau of Standards now provides a calibration service for labo- 
ratory standard neutron sources 

By calibrating and certifying such standards, accuracy and intercomparability 
are promoted in neutron-flux measurements. The service should be of particular 
assistance for fundamental nuclear experiments, design and control of nuclear 
reactors, and industrial applications 

Plutonium-beryllium (a,n) sources, such as those recently cleared by the AEC 
will be calibrated against the NBS 


a boron-lined 


for distribution to educational institutions 
standard Pu-Be source in a 4 X 4 X 6-ft graphite column with 
proportional counter to detect the thermalized neutrons 

Other types of neutron sources, having different fast-neutron spectra, will be 
calibrated against the NBS primary radium-beryllium (y,n) source in a MnSO, 
bath 
the activation of Mn 
only for sources with total yields higher than about 10° 

From 1 to 2 months should be allowed for calibrating a laboratory standard. 


This is done by measuring with a dip counter the y-activity resulting from 
by the thermalized neutrons This method is practicable 


neutrons/ sec. 


An accuracy of 2% or better is attained in comparing the strength of the sub- 
mitted standard with that of the NBS standard source. The errors in the abso- 
lute calibrations of the NBS standard sources themselves vary from 2% to 3% 
NU, Dee. ’54, p 


The NBS neutron physics laboratory also maintains a standard geometry sup- 


26) 


2%) thermal neutrons/cm?/sec 


plying a uniform thermal neutron flux of 4,038 
1957) for indirect calibration of unknown thermal fluxes by irradi- 


| (as of Jan. 1, 
ation of foils 

Inquiries regarding neutron calibrations should be sent to the National Bureau 
Neutron Physics Washington 25, D. C 
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Mallory 1000 Metal 


for effective 
Gamma 
radiation shielding 


Mallory 1000 “slab” for 
radiation shielding avail- 
able in sizes up to 6" £15". 


Mallory 1000 Metal is ideal for radiation 
shielding applications. It has high density, 
good mechanical strength, and excellent 
machinability ...is available in a wide 
variety of shapes and sizes for many ap- 
plications in this field. 


Mallory 1000 Metal is already being used 
in numerous applications such as shield- 
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MALLORY “tage ‘ae ; 
1000 ing isotope shipping containers, cobalt 


MET teletherapy machines, and oil well log- 
ging equipment. 


Mallory 1000 Metal effectively absorbs 
Gamma radiation ...low intensity neu- 
tron bombardment causes only moder- 
ate activity. 


If you have radiation shielding problems, 

A it may pay you to investigate Mallory 

01 o2 0.4 06 . 1000. Write for your copy of Technical 
E (Mev) Bulletin 6-7C. 


Gamma absorption characteristics. 


Expect more...get more from 





In Canada, made and sold by Johnson Matthey & Mallory, Lid. 
110 Industry Street, Toronto 15, Ontario “ 
PR. MALLORY @ CO inc 


Serving Industry with These Products: A L t Oo He 


Electromechanical — Resistors * Switches * Tuning Devices * Vibrators 
Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries ” 
Metallurgical — Contacts © Special Metals * Welding Materials MALLORY & CO NDIANAPOLI! 
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Electromagnet 


coil ~ 0.0065 


—— 


Core housing 


Soft iron core 











“Bross << 


sleeve , 
+0048 


~~ 0.0055" 
* 00365" 


Connection for vacuum, 
vent seal, and inert gos 


Ball vaive 


Connection for vacuum, 
ven? seal, and inert gas 


Carrying rod 


Sampling copsule 





Nonmagnetic sealed 
core housing 


Electromagnet 
housing 


Carrying rod 


Nylon bushing 


Quick disconnect 
coupling 


/ Spark plug level 
indicators 


Connection 
for vacuum, 
vent seal, 
and inert gas 


Ring joint 
flange 


Spark plug 
electrodes 


Insulation 


Sampler 
standpipe 


























LIQUID METAL SAMPLER uses electromagnet to lower sampling capsule into fluid below. 
Inert-gas atmosphere can be provided by piping shown 


How to Take Samples 
From Liquid Metal Loops 


By MARX WEECH and GORDON FLUKE* 


Engineering Research Inatitute, 


The operation of liquid metal coolant 
loops presents the problem of how sam 
ples of the fluid can be taken without 
air leaking into the sampling apparatus 
Samplers have been built and operated 
satisfactorily with sliding or mechanical 
seals (1). 
tive seals cannot always guarantee leak 


Unfortunately, such posi- 
free performance, and, in many cases 
successful operation is dependent upon 
the skill 
operator (2). 

The sampler design presented here 


and attentiveness of the 


*Preaent Avdpreses Aerojet-General 


Corp., Sacramento, Calif 


112 


University of Michigan 


inn Arbor, Michigan 


eliminates this disadvantage and has 
given very satisfactory operation. 
This sampler design will operate in 
either a high vacuum or in an inert gas 
atmosphere of low or moderate pres- 
sure. Although the design has been 
operated in a liquid bismuth-uranium 
system, it should perform equally well 
in other liquid metal or salt systems. 

The sampler is designed to remove 
thief” 
contained in the pipe section below the 


samples from the liquid metal 
ring joint flange. A sampling capsule 
is fastened to a metal carrying rod that 
extends up through the ball valve and 
quick-disconnect coupling to the soft- 





iron core of a solenoid magnet. The 
electromagnet coil slides up and down 
the core housing when current is ap- 
plied to the coil windings. The core 
follows the solenoid to raise or lower 
the sampling capsule. When the sam- 
pling capsule is above the closed ball 
valve, the coupling can be disconnected 
and the sampling capsule removed, 


Operating Procedure 


With a new capsule attached to the 
carrying rod and the coupling recon- 
nected, the sequence of operation of the 
sampler is as follows: 

1. Adjust the level of the liquid so 
that it is the spark plug 


electrodes. 


between 


2. Evacuate that portion of the sam- 
pler above the ball valve and fill with 
inert gas 

3. Equalize the pressures above and 
below the ball valve. 

4. Apply 
sure to the sampler to force the liquid 


sufficient inert-gas pres- 
in the sampler standpipe out into the 
main body of liquid in the loop. 

5, Open the ball valve and slowly 
lower the sample capsule until it is sus- 
pended just above the surface of the 
liquid at the end of the standpipe. 
When its temperature the 
same as that of the liquid, lower it into 


becomes 


the liquid, 

6. Raise the solenoid until the cap- 
sule is just above the liquid level and 
hold at this position until all liquid 
adhering to the outside of the capsule 
drips off. 

7. Raise the solenoid until the cap- 
sule is above the ball valve. 

8. Close the ball valve and hold the 
capsule in this position until it cools 
The liquid below the ring joint flange 
can now be permitted to rise again up 
into the sampler standpipe. 

9. Isolate the portion of the sampler 
above the ball valve by closing off the 
connection, 

10. Disconnect the coupling and re- 
move the sample. 

* * . 
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you can 


the difference 
in the | 
CRL system 


and at costs no more! 


Now, with the many accessories offered, the Central Research Manip- 
ulator lets you perform an even greater variety of intricate opera- 
tions. All of these accessories are remotely interchangeable . . . each 
is the product of precision craftsmanship and exacting control of 
tolerances. The manipulator itself has that inherent “‘sense of feel’’ 
which is the result of continuous design improvement and rigid 
quality control throughout every phase of manufacture. Field main- 


tenance is simplified by standardization and interchangeability of 
parts, yet each manipulator is “‘custom built’”’ by skilled craftsmen 
with years of experience. Because of this individual attention the 
CRL Manipulator is easily adapted to your particular needs. 


If you use—or plan to use—hazardous materials that require laboratories, inc. 
intricate handling, CRL Manipulators will speed up your production 
yanguien 8 : — poe oP 7 F Red Wing, Minnesota 
or research program. We will also be glad to advise you on the layout 
of hot cells and other research areas, to help you gain maximum Dept. 101 
benefit from your CRL Manipulator. 
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central research manipulators 
from basic Argonne National Laboratory design 


write today for complete information to: 
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Calculating Gamma Heating 
in Reactor Structures 


By H. C. CLAIBORNE, C. M. COPENHAVER, H. W. BERTINI, and T. B. FOWLER 


Oak Ridge National Laboratory, Oak Ridge, Tennessee 


In any detailed reactor design, a rea- 
sonably accurate picture of the reactor 
temperature distribution is required so 
that thermal stresses and cooling re- 
quirements in various regions of the 
The tem- 
perature distribution is a function of 


reactor can be estimated. 


heat generation that, for regions ex- 
ternal to the core, is primarily depend- 
ent on the absorption of gamma rays. 

Gamma-ray heat-generation rates 
can be obtained by assuming exponen- 
tial absorption, narrow-beam absorp- 
uniform en- 


This 


method applies the energy absorption 


tion coefficients, and 
ergy absorption buildup factors. 


buildup factor for a monoenergetic 
source in a homogeneous medium, ob- 
tained by the ‘moments method” (1), 
to a specific heterogeneous reactor. 
To obtain a uniform buildup factor for 
the reactor, the equivalent Z (atomic 
number technique is used with the as- 
sumption that this will give reasonably 


representative values for the heat gen- 


eration at all points within the reactor 
structure, 

A comparison was made between re- 
sults of calculation by this method and 
experimental gamma-ray heating re- 
sults for the Bulk Shielding Reactor 
(BSR) (2). The calculated 
agreed with the experimental measure- 


results 


15% for three 
Although 


ments within +5 to 


different target materials. 
the reactor chosen does not represent a 
stringent test, the results of the com- 
parison suggest that the calculation of 
heat generation rates by this method 
should result in about 20% accuracy 
for reactors in general. 

Because it would require about one 
man-year of effort to hand calculate 
the heat 
machine calculation was used. The 
ORACLE took about four minutes to 
from one 


generation at one point, 


compute the contribution 
energy group and 30 minutes for the 
complete calculation of seven energy 


groups. Convenience limits the pos- 
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FIG. 1. 


Core of BSR (right) is suspended from reactor bridge over pool. 


Boom 


is suspended from instrument bridge and can be rotated through short arc to remove 


sample from gamma field. 


Sample in capsule (left) has three needles embedded in 


lower end to keep it from touching capsule wall and losing heat 
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volume elements or source points 
The only 
t on the number of energy groups 


t maximum of 3,375. 


processes that produce gamma 

is the time required to arrive at 
nswer 

omputing time could be re- 

ibout 50% by eliminating the 

of the calculation that deter- 

es the particular core face a beam 

ramma radiation will traverse. 

s particular part of the code is re- 

| only in calculating heat genera- 

it points in the reflector that do 


within the projection of the 


Basic Working Equations 


( der a monoenergetic point 
radiating isotropically to points 
reflector surrounding a reactor 
The current resulting from 
yhhotons striking a unit area at 


a plane surface parallel to 


BSe 


ramma current (photons/cm?* 
Mw 
gy buildup factor 
oe pl otons/sec/Mw) 
attenuation ° coefficient 
total length of path of gamma 
noton (em) 
ingle of gamma path with 
erpendicular 
ition by the energy buildup 
r accounts for the contribution of 
| gammas to the heat genera- 
thin the reflector. 
rate of heat generation in a 
s of target material exposed to 


lent gamma current 1s 
KEI (‘ 
oso\p 


generation rate (watt/gm 


ersion constant (1.6 
() watt /sec/Mev) 
gamma photon energy (Mev) 
lensity (gm/ecm?*) 
bining Eqs. 1 and 2, the basic 
equation for the heat-genera- 
ntribution from a single point in 


to a target material located in 
SKEBe> eae 
for 
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t the total heat generation at 
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hot or cold, this new FENN Heavy Duty Breakdown Mill 
with 16” diameter rolls meets every requirement. Re- 


ently installed by one of the nation’s leading producers 


the atomic energy field, this high precision mill was 
psigned and built for heavy separating loads, high torque 


acity, variable speed and exceptionally rapid reversing. 


portant features include rolled steel plate housing, 


tion bearings throughout, high torque precision 


Dints, herringbone gears, electric screw down 
Bual motors, high speed roll adjustment, precision 


g, and large clock type dial indicators. 


ever your metal forming requirements, consult Fenn 


engineering service. Write Nuclear Machinery Division. 
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TABLE 1 


Photons per 


Pr ompt + 
l 


2% capture 


O46 
OOG18 
OOOKS 


* Deca gamma 


Photons per Interaction by Energy Intervals for BSR Materials 


Photon 


jission per capture 
il capture 

Decay decay W ater capture 
65 

ht 

705 

104 

OUOT52 

00054 

QOOUGS 





any point hq 3 be 


each small element of volume 


must applied to 
approx! 
mating a point) in the 
ol 


individual contributions added 


core for each 
energ' 
and the 


together 


group ZammMas considered 


Source Term 

The 
|} each second at a point in the core i 
| proportional to the thermal flux at that 


number of gammas generated 


| point because all significant gammas 


are produced as the result of thermal- 
neutron capture 


The 


prompt 


gammas born in the core are 


fission gammas, fission-prod- 
uct-decay gammas 


apture gammas 


Irom uranium, capture gammas from 


water, capture and decay gammas from 
aluminum, and inelastic-scattering 
the first 

the 


group in a small 


immas. Combining 


the 


hive 


sixth is negligible source 


term for each energ 


volume increment is 





TABLE 2 


Heat q 
Distance from W ater- 


core face Core 


capture 
in gammas gammas 
| ALUMINUM 
0 

0.5 

2.0 

1.0 

9.0 


1770 
1530 


0130 
0150 


0.0545 
0.0178 


0125 
0046 


Heat gene 
Distance Jrom W aler- 


core face Core capture 


im) gammas gammas 


0 
0 


1804 
1560 


0130 
0150 
0.0557 
0.0183 


O125 
0046 


0.3254 
0. 2800 


0164 
O190 
0.0975 O158 


0 0308 0058 


Individual Heat Contributions in Target Materials 


eneration (watts/qm/Mu 


l'arget 7 arqet- Experi 


decay Calculated 


4/28 


capture mental 


gamma hetas | total total 


0.0027 
0 0054 


0230 
0293 0.219 
0.132 
0.0011 0.0745 


0 OOO! 


OOU6 
0007 


ration (walts/qm/Mu 


l'‘arget- Experi- 


caplure Calculated mental 


qgammas lota total 


0.0503 
0.0640 


0 
0 


245 


2350 


0.0210 
0.0015 


0.0892 
0.0244 


0. OO16 
0.0020 


0.34354 
0.3010 


2929 
Im 


175 


0.4 
0 

0.0007 0.1140 - 
0.090 


0.00005 0.043 


0.0367 
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Ss (AV Y xa 20) (4)| 


t= 


number of gammas per inter- | 
action 
volume element (cm*) 
macroscopic cross section 
cm 
neutron flux (n/em?/sec/Mw) 
of the first three types of 
gamma rays are continuous These 
spectra can be represented quite well 
by an exponential function. Thus, the 
prompt gamma source plus U**® cap- 
ture gammas may be represented by 
8.8 exp 1.01 £) photons/ Mev/ fission 
For 5,500 kwh of reactor opera- | 
tion per year and § hr of operation per 
day, about 10% saturation of the fis- 
\-product decay-gamma energy will 
present at the start up of a day’s 
, This will result in an aver- 
age of 85% and a maximum of 90%! The famous KINNEY KMB 
saturation over the 8-hr period (4). | Mechanical Booster Pump 


which develops pressures to 


Using 85% saturation, the decay 
: 0001 mm Hg 


ramma spectrum is 8.9 exp (—1.33 E) 
otons/ Mev/ fission 

The number of gammas per thermal- 

neutron capture in aluminum in the 

intervals between 3 and 10 Mev was 

obtained from the work of Kinsey, 

6 An additional 1.8-Mev 

na was added in the 1.5-3.0-Mey 

il to account for the decay 


When you know precisely your Vacuum requirements or 
when the problem is not so readily defined—KINNEY rep- 
resents your best chance of resolving the matter correctly, 


: uickly and economically. 
gamma resulting from the decay of q Y Y 


Al** (2.3 min). Thermal-neutron cap- With the world’s most comprehensive range of High Vac- 
ture in hydrogen gives rise to one uum Pumps, KINNEY obviously offers a virtual prescription 
2.23-Mev gamma photon per capture selection. There are single-stage Simplex and Duplex 
For ease of calculation, the energy models to develop pressures to 10 microns . . .Compound 
spectrum was divided into seven models for work in the order of 0.2 micron . . . and finally 
groups, each with a convenient aver- KINNEY Mechanical Booster Pumps that reach ultimate 
age energy Ey... The equivalent num- pressures of 0.1 micron. 
ber of photons per interaction at Fay, 


Beyond this unparalleled array of High Vacuum Pumps, 
KINNEY offers complete Vacuum Systems . . . Packaged 
W/E P Pumping Units, High Elevation Chambers, Packaged 

7 Power Units, Vacuum Furnaces, Evaporators, Ovens and 
Cathodic Etching Equipment. And finally, a full range of 
Fractionating and Non-Fractionating Diffusion Pumps, 
a Valves and Baffles, Gauges, Leak Detectors and other Test 
he EN(E) dE (6 equipment. 


| KINNEY wes. oivision 


THE NEW YORK AIR BRAKE COMPANY / 
+f) 


for the energy interval FE, to E, is 


the energy absorbed, is 


were determined to be as shown 





thermal flux used in the source 3614K WASHINGTON STREET ~ BOSTON 30 + MASS 
term was based on flux measure- WRITE: 


Kindly send me your latest literature describing new developments 
ments from the same BSR loading as ee in 

vas used for the heat-generation ex- Be oot KINNEY High Vacuum Pumps 

periments Since measurements were KINNEY High | KINNEY High Vacuum Systems 

made in only half of the reactor, sym- KINNEY High Vacuum Components 


Vacuum Pumps 


metry about the north-south axis was | BRE Name 





assumed. Although 1,485 volume ele- »nents 
n jug , | . 1 pe t Company 
ments were used in the calculations and 


only & flux measurements were made, Address —_____ 


by plots and cross plots, the average a . — State 
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ADVANCED LABORATORIES DESIGN 


HE engineering and design of laboratories of the advanced 

type has been a specialty of Vitro Engineering Company over 
the past few years. Several of its design projects include the in- 
creasingly necessary ‘‘hot labs’’, or nuclear radiation laboratories. 
Some are for other highly specialized purposes—such as nerve 
gas, high temperature or biological warfare. 

Vitro’s rdle in the hot lab field is exemplified in the design of 
new radiation laboratories for The Texas Company in Beacon, 
N. Y., the CP-5 reactor facility in Milan, Italy, and others for a 
major oil company, a large electronics firm, and a prominent 
university. 

Other recent Vitro laboratory design contracts include: 


* Nuclear Development Center for Lockheed Aircraft — Dawsonville, Ga. 

* Elevated Temperature Facility for General Electric — Evendale, 0 

¢ Navy Aero Ballistic Facility — Whiteoak, Md 

¢ High Temperature Facility for Wright Air Development Center — Dayton, 0. 

¢ Animal Disease Laboratory for the Dept. of Agriculture — Plum Island, N. Y. 
* Biological Laboratory for the Army Chemical Corps — Fort Detrick, Md 


The selection of Vitro to handle these key projects reflects 
solid performance in modern advanced laboratory design. 

The atomic age requires many types of nuclear engineering 
reactor facilities, central power stations, disposal systems, plants 
for processing ore, separating isotopes, reprocessing fuel or 
producing heavy water. Vitro Engineering Company has played 
a significant part in these activities—in many cases designing 
the pioneer plant 


For information write to VITRO ENGINEERING COMPANY 


A Division of 


« 
Vitra CORPORATION of AMERICA 
261 Madison Ave., New York 16, N.Y. 


« 


@ Research, development, weapons systems Thorium, rare earths, and heavy minerals 





. Nuclear and process engineering, design © Recovery of rare metais and fine chemicals 


A Refinery engineering, design, construction of a Id Aircraft components and ordnance systems 


2 Uranium mining, milling, and processing J Ceramic colors, pigments, and chemicais 


thermal flux in each element of volume 


was determined. 


| Attenuation Coefficients 


If the core is assumed to be a ho- 
mogeneous mixture, the attenuation 


coefficient is 


where p, is the partial density of com- 
ponent 7 (/) 

Since the linear gamma-ray ab- 
sorption coefficients are functions only 
of atomic number and energy, an 
obvious method for applying single- 
element results to homogeneous mix- 
tures would be to find some particular 
atomic number for which the corre- 
sponding gamma-ray coeflicients best 
approximate that of the mixture. This 
is commonly referred to as the “‘ equiva- 
lent-Z method” (/). Reactors are 
generally typified by many different 
regions, each homogeneous’ within 
itself. For our purposes, however, it 
is often possible to treat the portion 
of the reactor internal to the shield, 
lf core, reflector and associated 
structure, as a homogeneous mixture 


represented by some equivalent Z. 


Buildup Factors 


Where significant low-Z—high-Z se- 
quences exist in a reactor, test calcula- 
tions should be performed to indicate 
the reliability of the uniform buildup 
factor approach for the particular reac- 
tor. One suggested procedure would 
be to compare heat-generation rates 
obtained in the second material of the 
sequence by, first, using a buildup 
factor based on the assumption that 
the entire penetration (in mean free 
paths at the initial energy) had been 
accomplished in the second material 
of the sequence and, second, by using 
the uniform buildup factor selected for 
the reactor. 

For the BSR, the necessary energy 
buildup factors were obtained by using 
the equivalent-Z method and inter- 
polating the available buildup-factor 
data (1) for point isotropic sources in 
homogeneous mixtures. Because the 
equivalent Z of the core is 9.9 and the 
equivalent Z of the reflector is 7.5, a 
uniform Zayg of 9 was used 

For machine calculation, it is con- 
venient to use a function for computing 
a particular buildup factor. The form 
of the function used, a simplification 
of the double-exponential form sug- 
gested by Taylor (7), is 
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B= A(e — 1) +1 (8) | 


’ | 
where A and @ are constants. This 
expression can be made to fit the ap- Fa nsteel Metallur 
propriate buildup factor data to = 
within +5% for distances less than “> 

ij ’ 1 


7 mean free paths (maximum ys is 
around 10 for BSR). 


Other Heat Sources 


“enfant contsiutions « test’ $86,000 per year SAVED BY SWITCHING TO 


heating from other than core gammas 


ee capture gammas emanating fom FANSTEEL MOLYBDENUM FORGING 


the water reflector and decay betas and 
ias resulting from thermal-neu- One company has made sav- 
capture in the target. Other ings up to $86,000 per year, 
le nuclear reactions do not sig- just because Fansteel’s re- 


intly contribute to target heating. sponsibility to a customer 
does not end with delivery 


H } 1 ¢ 
eating in the target due to capture 
aa of the order. It happened 
mmas emanating from the water 
this way: . 
vas obtained by treating the water- ; 
nture gamma sources as disks 5 em An electronic tube manufae- 
hick and 80 cm in diameter. An turer specified Fansteel high 
averane Giex in the disk wes chteinad purity molybdenum for the 
“ cathode cones used in cer- 
multiplying the average flux along 
. : tain types of tubes, The cones 
I lisk centerline (determined ex peri- “#3. , 
were at first produc ed by com- 
on le mes ‘- eo 
itally as a function of distance from pletely machining them from 
the reactor north face) by 0.8 to ac- Fansteel large diameter 
count for the radial decrease. molybdenum rods in the cus- 
Che only significant beta source in tomer’s plant 


target is a 2.87-Mev beta resulting . 
rget 18 a 7-Mev beta resulting While this machining method 


decay ol Al** This bear’ assumed was proving satisfactory. treet necinthonsiimnthhinatiinn ts eee — 
Oo om entirely aheorhes wiltie the Fansteel engineers felt that png ay slg ate prone OS ee ae 
targe The fraction of internally forging these parts would re Fonstee! Fabricoting Plant, . 


generated gammas absorbed in the sult in substantial savings. 
target was obtained from an expression With the cooperation of the customer, Fansteel engineers developed a tech 
by Storm, et al., (8) that is based on a nique for hot forging the base of the cone from a short molybdenum rod. The 
straight-ahead scattering approxima- part is finished by machining and drilling 
for an infinite cylinder containing This manufacturer immediately turned over to Fansteel the entire job of pro 
rm source ducing this part. The piece is forged and machined in Fansteel's completely 
equipped, modern fabricating plant. Strict quality control in all of the steps 
Results from the processing of the raw material to the finished part guarantees meeting 
; the customer's rigid specifications. 
The calculated individual contribu- 
to heat generation in target mate- 
ilong with the experimental s AVIN G s 
ire listed in Table 2. The Previous method of machin- resulted in 87,200 saving per month or 
ing complete part ..-.. .815.00 per part $86,400 per year. 
Forging and finish machin- ; . 
ford, Bettis and Howe (9). Heat- ing in Fansteel plant. . 10.20 per part poms hn poral os ad 
eration rates were measured in the > PER Pp $40 0 ved of concern for rejects 
i lh taal hte siden the SAVING PER PART ..8 4.80 meeting schedules and was able to release 
Hes BY BEVETAL POINtS MODE UNC | Average monthly production of 1500 parts machines and personnel for other work. 


or centerline as shown in Fig. 1 


nental data was measured by 





This is another typical example of how the combined experience and teamwork of 
Fansteel research scientists, metallurgists, designers and field engineers can result 
in substantial savings for users of molybdenum and other Fansteel refractory metals. 


transient temperatures of the 
8a les were measured while they 
were being heated in the gamma field 
and while they were cooling after The true story reported here is typical of the news 
removal from the field. and technical comment contained in our publication, 
Jecause the experimental heat-gen- FANSTEEL METALLURGY. We'll be glad to 
totals are based on nominal place you on our mailing list; all we need is your 
power, it was necessary to name and address. No cost or obligation, naturally. 
them by a factor of 0.859 to 
t to actual reactor power. Some 
pertinent reactor parameters* 


*\ ies obtained from E. B. Johnson 


and K. M. Henry of Bulk Shielding Facil- 4, s* NORTH CHICAGO, ILLINOIS, U.S.A. 


ity, Oak Ridge National Laboratory. 
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Here’s news about 


REACTOR 
INSTRUMENTS 


from Victoreen 


Reliable, accurate reactor instruments for use as individual 
components in ‘‘customized”’ systems. . . reactor instruments 
to ORNL specifications, or to your own specialized designs— 
that’s only part of Victoreen’s story. Perhaps best of all is 
that we’re in production and can ship all these and many other 
types. Bring your reactor instrument problems to Victoreen, 
the specialists in reactor instruments and instrumentation’. 


751 


Model 751 Linear Amplifier (ORNL 
Spec. DD2) for scintiliation spectom- 
etry, reactor control, etc., and other 
applications requiring high gain and 
resolution, good linearity, and fast 
overload recovery 


Model 565A Micro-Microammeter 
Electrometer (ORNL Spec. Q26B). A 
stable and reliable instrument for 
measuring low currents in ion cham- 
bers and low impedance networks. 





Model 727 Logarithmic Count Rate 
Meter (ORNL Spec. Q14548). A wide 
range, five decade instrument for use 
with all types of radiation detectors. 


model 
672A 


Model 672A, A1D Linear Amplifier 
(ORNL Spec. Q1326). Amplifies low 
signal level pulses from radiation 
detectors such as ionization cham- 
bers, proportional and scintillation 
counters. 





Model 695 Single Channel! Differen- 
tial Analyzer (ORNL Spec. Q1192). 
A differential pulse height analyzer 
for separating pulses of varying 
amplitudes. 
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Model 683 Ultra-Stable Power Supply. 
An ultra stable dc voltage source of 
the type required for precision scin- 
tillation counting, etc. 


The Victoreen Instrument Company 
5806 Hough Avenue « Cleveland 3, Ohio 
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FIG. 2. Gamma-heat generation rates as 
calculated by this method and as deter- 
mined experimentally in BSR show good 
agreement 


associated with the gamma-heating 


measurements in the BSR are 


Critical mass of uranium—3,363 gm 
Core temperature—63° C 

Volume ratio of Al to H.O—0.69 
Total volume of active core—99,100em4 


Figure 2 provides a graphic com- 
parison of the experimental and calcu- 
lated results. The calculated curves 
fall off close to the reactor surface be- 
cause of thermal flux peaking in the 
reflector region. The magnitudes of 
the experimental and calculated values 
agree best where the Z of the target 
material is closest to the Z of the sur- 
rounding mixture. For the distances 
considered, the calculated curve for 
aluminum (Z 
mental curve to within +5%; the 
calculated curve for iron (Z 26) 1s 
thout 14% low, and that for lead 


Z S2) Is about 12% low. 


13) fits the experi- 


Conclusions 


The equival nt-Z 
good results for materials having simi- 


method yi lds 


lar Z’s (as is indicated by the aluminum 
sample However, for a heavy-Z 
material following a light-Z material, 
the large, low-energy spectrum built 


up in the light-Z material due to 


| Compton scattering is highly absorbed 


in the first mean free path of the heavy 
material For this reason, a buildup 
factor based on a homogeneous mixture 
will yield a low result in the heavy 
material, increasing in severity as the 
depth of penetration in the light mate- 
rial increases. This light-heavy se- 
quence phenomenon has been noted 
elsewhere (6), and has been demon- 
strated by Monte Carlo calculations 
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of energy absorption resulting from 
gamma radiation incident on a water- 
lead slab (10 
An examination of Table 2 indicates 
the relative importance of heat genera- 
other 
these 


tion trom than 


Neglect of 


core gamlias 


contributions can 
result in a value for heat generation 
that is appreciably low in such reactor 
structural materials as steel and alumi- 
num. For this particular reactor, heat 
generation from other than core gam- 
mas amounts to 26% and 18% of the 
total for these materials, 

In ew of the good agreement be- 
tween the experimental and calculated 
heat generation values for samples in 
the Bulk Shielding Reactor, it is reason- 
that, 


ite gamma-ray data, the method 


able to conclude with 


the ap- 
propri 
outlined should 


give representative 


results for the gamma-ray heat deposi- 


tion in 


Further 


arious parts of most reactors 


refinements in calculations 


e., reduction of core volume elements 


finer division of energy groups, etec., do 


not appear to be necessary 
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EBWR Special Report including 
foldout description (July '57) 
—$0.50 


APPR Foldout 
—$0.25 


(Aug. '57) 
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— $0.25 
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To detect, measure, record or control radiation of almost 
with complete systems to AEC 
specifications—that’s part of Victoreen’s radiation monitor- 
ing story. So no matter what your radiation monitoring prob- 
blem, it will probably pay you to check with Victoreen first. 


any type or intensity... 


Here’s news about 


RADIATION 
MONITORING 


from Victoreen 


area monitoring 


ll 


Flexible, fully prov- 
en remote area sys- 
tems to AEC require- 
ments for radiation 
monitoring from a 
single control cen- 
ter. 


air particie monitoring 


Portable air particle 
monitoring units to 
latest ORNL specifi- 
cations. 


. de 
> - @ 


44% tee 





fission products monitors 


A reliable monitor- 
ing system based 
on MTR design at 
idaho Falls for de- 
tection of fission 
product activity in 
coolant stream. 


water monitors 


For monitoring ra- 
dioactive liquids in 
pipes, pools and 
streams or other 
locations. 





Fast and thermal 


neutron monitoring 
systems designed 
for bulk shielding 
and dosimetry 
studies. 
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gas monitors 


Designed for con- 
tinveus monitoring 
of radioactive stack 
gases. Contains 
built-in alerm sys- 
fem te operate 
external control 
circuits. 


NUCLEONICS 


330 W. 42nd St., New York, N.Y. 


A The Victoreen Instrument Company 


5806 Hough Avenve + Cleveland 3, Ohio 


WORLD'S FIRST NUCLEAR COMPANY 
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Optical instrumentation for 
accurate measurement of 
remote or inaccessible objects 
pry tt 
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Gaertner M901 General-purpose Cathetometer 


CATHETOMETERS 

Gaertner Cathetometers are designed 
for accurate measurement of vertical 
distances or displacements. They are 
ideally suited for measuring where the 
object or action is remote or not acces 
sible by ordinary means. Gaertner pro 
duces a wide variety of precision-con 
structed cathetometers to meet your 
individual requirements 


® General-purpose Cathetometers 
These combine a high degree of 
accuracy with a maximum of con 
venience. Range 100 cm, focusing 
range 60 cm to infinity 


For maxi 


Read 


® Precision Cathetometers 
mum accuracy and rigidity 
ings directly to 1 micron 

@ Micrometer Slide Cathetometers—For 
precise measurement of short vertical 
distances. Range up to 4” or 100 mm 
With telemicroscope, focusing range 
12 cm to infinity 

® Co-ordinate Cathetometers — Permit 
making precise co-ordinate measure 
ments on objects in a vertical plane 
Focusing range 9” to infinity. Co-or 
dinate measuring range up to 24"x42 

SPECIAL PURPOSE PERISCOPES 
REMOTE OPTICAL STRAIN MEASURING 
INSTRUMENTS 


Write for Bulletin 162-56 
The Gaertner 
Scientific Corporation 


1257 Wrightwood Ave., Chicago 14, Ill. 
Telephone: BUckingham 1-5335 
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FIG. 1. 
for 8-in. primary coolant loops 


D-C Magnetic Flowmeter 
for Liquid Sodium Loops 


By C. G. PFISTER and 


Knolls Atomic Power Laboratory 


R. J. DUNHAM 


General Engineering Laboratory 


General Electric Company, Schenectady, N. Y 


The determination of volume rate of 
flow by measuring the electrical poten- 
tial generated as a liquid passes through 
in 1832 


laraday attempted to measure the flow 


a magnetic field is well known 


of the Thames River using the earth’s 
magnetic field. The fluid serves as a 
conductor of electric current and, as it 
moves through the magnetic field, a 
small electrical potential is set up at 
field 


This potential is directly proportional 


right angles to the magnetic 
to the volume rate of flow of the liquid 

Measuring the flow of high-tempera 
ture liquid sodium in a submarine reac- 
tor’s &-in. primary coolant loops pre- 
ents special problems. A magnetic 
flow meter for this purpose is shown in 
lig. | The successful design, fabrica- 
tion and testing of this instrument rep- 
resents an extension of the usual range 
of applications for the magnetic flow- 
meter To the well known advantages 
of the instrument, such as fast response 
and extremely low pressure drop, have 
added the ability to withstand 
1,000° F 


heen 
temperatures exceeding and 
accelerations exceeding 35g while meas- 
uring flow rates exceeding 

Further 
that 


3,000 gpm 


accurately there Is every 


indication magnetic flowmeters 


Signa! cable 


D-c magnetic flowmeter developed 


can be built to operate successfully 


beyond these limits. 


Description 

The magnetic field required for the 
flowmeter is provided by two Alnico-V 
magnets (solid cylinders 4 in. in diame- 
ter and 10.5 in. long) housed in stain- 
less-steel sleeves All 


nents, except the polefaces and yokes, 


other compo- 


are fabricated of type 347 
steel 
sion-resistant materials is obvious when 


stainless 
The necessity for highly corro- 


one considers that the flowmeter will be 
used on @ sea-going vessel 

rhe temperature at which the mag- 
nets must operate was a prime con- 
sideration in the design because magnet 
strength is a function of temperature, 
and any change in the strength of the 
affects the 


flowmeter. In 


magnets accuracy of the 


addition, excessively 


high temperatures will permanently 


damage the magnets. Thus, the tem- 
perature of the magnets must be kept 
at a minimum and permitted to fluctu- 
ate only through a small range. 

The flowmeter is designed so as to 
maintain magnet temperature below 
300° | 
of the liquid sodium is 850° I 
achi ved by 


insulating blanket, consisting 


even though the temperature 
, This 15 
interposing a high-tem- 
perature 
of alternate lavers of stainless-steel foil 
and screen, between the polefaces and 
sleeves ol the 


In addition, the 


magnets and the flow- 
pipe. low-carbon- 


steel polefaces and yokes are chrome 
plated to provide good heat-reflecting 
surfaces, and the yokes have heat-ra- 


diating fins. 


Magnet Stabilization 


To prepare the magnets for the high- 
temperature and high-shock environ- 
ment, a careful stabilization procedure 
followed 


was After final assembly, 


the magnets were magnetized and then 


approximately 5% to 


demagnetized 
reach a stable point on the demagnet- 
ization curve. The magnets were then 
heated to 300° C 


air. Measurements 


and allowed to cool in 
were made to 


determine a curve of flux density vs. 
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n temperoture 
50° F 








6 20 24 28 3 
wmeter utput (my) 
Flowmeter calibration curves as 
Ambient 


FIG. 2 
function of sodium temperature. 
temperature was 175 F 


rature This heating and cool- 
was repeated until the curve 
density vs 
able Further 


this temperature range could 


temperature was 


excursions 


dept nded on to produce the 
effect on the flux density. 
k stabilization was achieved in 
fashion. The magnets were 
1,000 ft-lb 


Measurements of flux in the 


ted to six blows of 


between polefaces were made 
d after each blow until repeat- 


idings were obtained 


Calibration 
Che flowmeter was calibrated in a 
onfiguration that duplicated 
nstallation. The instrument 
calibration standard was a 
netic flowmeter of more conven- 
gn that had a long history of 
This 
had, in addition, been care- 
brated under all of the tem- 
ind flow 


iy con 


ood magnetic stability. 


conditions expected 
tructed orifices. It 
» been certified by water calibra- 
Cornell University. Calibra- 
the new flowmeter was made by 


it output at sodium flow 


reasing from 0 to 3,500 gpm 
3,590 to 0 gpm 


Irom 


I i ng 
hown in Fig. 2 are plotted 

set of calibrations 

sions can be drawn 


test results to explain the 
irtures of the output curve 
It will be noted that 

the flowmeter output at a 
rate increases with increas 
temperature The increase 
to approximately 3% be- 
lium temperatures of 350° F 
I rhis result can be ex- 
the action of circulating 
irrents generated in the liquid 
Chese 


| by a potential gradient devel- 


currents, which are 


the magnetic field along the 
f the flowpipe, circulate in a direc- 
1 that results in the distortion of the 


field and creates a weaker 
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CORNING 
RADIATION 
SHIELDING 

WINDOWS 


Here are the answers to your questions 
on RADIATION SHIELDING WINDOWS 


TABLE OF CONTENTS 


Corning Glass Works announces “Corn- 
ing Radiation Shielding Windows,” a 
which has been 


brand new bulletin 


written to give you full information 


about our windows, the glasses in 
them, their characteristics and applica- 
tions. You'll also see typical window 
installations. 


Send for your copy today. 


Comparison of Corning 
Shield 


Transmittance 


Advantages 
Shielding Glass Compositions 
ing Characteristics 
Characteristics Internal Transmittance 
of Corning Radiation Shielding Glass for 
Sodium “D” Line Radiation Darken 
ing Characteristics Window Design 
Considerations Typical Window De 
signs . Corning Assistance in Window 


Designs. 


-- ing meandh reseach ix a 


CORNING GLASS WORKS, 


Nome 
Company 


Street......... 


Please send me a copy of your new booklet, “Corning Radiation Shielding Windows 


16-10 Crystal Street, Corning, New York 


Title 
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COMPLETE SYSTEM for | el p al’ 
ENGINEERING 

REACTOR INSTRUMENTATION 

SAFETY CIRCUITS ower 

BURST SLUG DETECTION p 


HEAT EXCHANGER 


OTREREETATION Stations 


TURBINE & GENERATOR 
INSTRUMENTS 


PANELS AND INSTALLATION 


ELLIOTT BROTHERS (LONDON) LTD., CENTURY WORKS, LONDON, 8.£.13 (TIDEWAY 1271° 


SPECIALIZED 
LABORATORY EQUIPMENT 
IN STAINLESS STEEL 
TRANSPARENT PLASTIC 
OR NEW EPOXY FIBERGLASS 


Glove Systems 

Filter Systems 

Vacuum Dry Boxes 
Transparent Plastic Hoods 
Low Humidity Dry Boxes 


Laboratory Furniture 
LOW INTENSITY DRY BOX 

} 1] ite 
Send fe yf 


low-cost 


ep P. M. LENNARD GO., ING. 


1 HANSON PLACE BROOKLYN 17, STERLING 9-2420 
Booth #404 at the Trade Fair 





flow 


rage thermoi emf (-5 pv) 
4 
' 











w (gpm 
FIG.3. Thermoelectrictestdata. Thermal 
emf is produced by thermal gradient across 
inhomogeneous _ stainless-steel flowmeter 
leads. Sodium temperature wos 850° F 
with 175° F ambient temperature 


field on the upstream end of the flow- 
meter and a stronger field on the down- 
tream end. Thus, the magnetic field 
in effect, swept downstream.* 
This distortion results in a lower 
potential gradient across the flowpipe 
it the point where the signal leads are 
attached, Consequently, the output 
from the flowmeter is lower than fluid 
velocity and magnetic field strength 
alone would indicate It can be shown 


that because these circulating currents 


lincrease with increasing flow rates 


being dependent on the potential 


igradient across the fluid—departure 


from linearity of the flowmeter output 
curve will be greatest at the higher 
rates of flow It follows that, if the 
sodium temperature rises, the resistiv- 
ity of the fluid will also rise, causing the 
circulating currents to become smaller 
and the magnetic field to move back 
upstream. This results in the higher 
output at the higher temperatures for 
a given rate of flow 
Thermoelectric measurements were 
also made (with the flowmeter magnets 
removed) through the entire range of 
flow rates, both direct and reverse, un 
der controlled temperature conditions 
By this method, flow signals could be 
cancelled out by the polarity reversal 
of generator action. The unwanted 
flow signals are caused by the earth’s 
magnetic field, the building’s structural 
steel, and the severely worked stainless 
teel of the flowmeter. Figure 3 shows 
cee fan data. Asexpected, higher 
| emf values showed up at the 
highersodium temperatures. Thedata 
spread at the low end of the curve is 
iused by the disturbed flow pattern 


| thermal equilibrium resulting when 


Sim s, Mark II 8-in. mag 

flowmeter low flow repeatability test 

| Engineering Laboratory report Ne 
242, (General Electric Co., 1955 
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NUCLEAR ENGINEERING NOTES 


3-D Color TV Used A 
in ANP Hot Cell 


new type of closed-circuit, three-dimensional, 


color television system has been developed by the 


General Electric Company for remote servicing of 
The color 


developed to permit use of color-coded parts in reactor com- 


tors used in development of a nuclear aircraft propulsion system. 
eo system wa 
onents and to provide greater depth perception for their correct positioning. 
Movement inside the hot test cell will be directed by a technician from the 
-D color picture appearing on the TV screen. The technician will view two 
iges through special polarizing glasses similar to those used with recent 3-D 
otion pictures. Included with manipulator controls will be one used to aim 
is the twin lenses of the TV camera. 
Cermet Fuel Plates The fuel elements for the Army Package Power Reac- 
Fabricated for APPR tor were designed and fabricated by the Oak Ridge 
National Lab. ORNL selected type 


the cladding and type 304B (0.07% carbon maximum 


304L stainless 
as the diluent. 

of fuel selected was enriched UO, powder in particle sizes of 44-88 yw. 
vder enriched in B was used as the burnable poison. The fuel plate core 
vared by mixing 99.83 gm of 304B, 28.62 gm of UO», and 0.188 gm of BYC 


n a glass container. This mixture was carefully blended and then 
poured into a die and pressed to 66,000 
W hen ii had 


accumulated, a batch was sintered in 


over sheet psi. number of 


cores 
a hydrogen atmosphere at 2,150° F 
Each core was then placed in the die 
once more and coined to final size 
The coined cores were completely 
a clad by the well known picture-frame 
The core 


a 304L frame piece (see 


technique was inserted in 
cut) and cov- 
with 304L sheets 


plate 


sick 


ered on either 


This composite fuel 


was heated 
in a hydrogen itmosphere to 2,100 ik 
hot-rolled two ne 


metallurgical 


hieve a sound 
The 
a schedule produced a 91% 
thickness, but 


ployed to 


and 


ewer ehaat bond hot-rolling 
reduction in 
cold-rolling 


down to 


was 
the 


were flux-annealed 


Exploded view of composite fuel plate om- 


get it final 
of 0.02 in. After this operation, the fuel plates 
were marked, sheared, and batch-machined to final length and width 


ing been fluoroscoped to delineate the fuel-bearing core 


Shutters for Brookhaven Medical Reactor 


Refiector 
Control ond sofety rods 
ray filters 


Fue! elements 


Shutter in closed positior 


Aluminum tank 





tee 


Concrete 





r intet 


tter elevotors 
ing-woter inie?t 
TWO 42,500-LB SHUTTERS move at rate of 1 fps to control thermal neutron radiation from 
nedical research reactor at Brookhaven. Built by Eddystone Division of Baldwin-Lima- 


Hamilton Corp., each shutter assembly consists of half-cylinder casing in which concentric 
half-cylinder moves up to open and down to close 
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if you're looking for 


“HIGH PURITY’’ 


fused quartz 


LABORATORY WARE 


The world’s largest pro 
ducer of fused quartz prod 
ucts can help you with your 
most critical and exacting 
needs for your laboratory 
ware 

Vitreosil® products can 
be supplied in an unusually 
large variety of types and 
sizes. Also fabricated to spec 
ification to meet semi-con 
ductor requirements for the 
production of silicon metal 


TRANSPARENT VITREOSIL 

For ultra-violet applica- 
tions, metallurgical investi- 
gations, chemical research 
and analysis, photochemis- 
try, spectroscopy and physi- 
cal, optical and electrical 
research. 

Send specifications for 
your requirements. Please 
use coupon below 


THERMAL AMERICAN 
FUSED QUARTZ CO., INC 


18-20 Salem Street, Dover, New Jersey 


Please send technical dete on 


Compeony 

Nome & Title 

Street 

State 


City lone 
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APPLIED RADIATION 


APPLIED RADIATION CORP'S 
Western Irradiation Facility is 
part of a new plant in Walnut 
Creek, Calif. 


Large-scale radiation processing is 
taking another big step forward in the 
operation of service irradiation facili 
ties by two manufacturers of electron 
accelerators. On the West the 
Applied Radiation Corp. is operating 
one of its 10-Mey linear accelerators at 
its new plant in Walnut Creek, Calif., 
a few miles east of the Berkeley campus 
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@mWEST COAST 
Service Facilities Irradiate 


In the 
Kast, High Voltage Engineering Corp. 
is using a 2-Mev Van de Graaff gen- 


of the University of California. 


north of 
dedicated 
facilities 


erator in its plant slightly 
Mass., that 
earlier this year. Both 
equipped with conveyor systems and 


Boston, was 


are 
for continuous 


auxiliary apparatus 


process irradiation. 


a 


Conveyor -loading area 


ry 


Conveyor 
—,, 
ll emmennene 


a 


ZZZULIZI LILIA ALL 
Removable 

concrete 

shielding 


a Power 
7 cubicle 


Console 
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IRRADIATION FACILITY at ARCO includes la 
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boratory area for experiments and con- 


veyor systems for either continuous processing or recycling 
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ARCO Facility Uses 
Linear Accelerator 


A linear accelerator supplying elec- 
X-rays, 


use for customers at the Western Serv- 


trons, and neutrons is now in 
ice Irradiation Center of the Applied 
Radiation Corp. The accelerator has 


output powers up to 1.3 kw and sup- 


CORE DISKS for Aerojet-General’s 
AGN-201 reactor are irradiated to 
cross link the polyethylene 


POLYETHYLENE PROBE TIP that has been 
irradiated withstands temperature that 
melts its polystyrene counterpart 
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EAST COAST®@ 
with Electron Accelerators 


of 2-10 Mev. When 
sity samples are irradiated, a 
1.6 & 


trons 

as high as 10° ergs 

ivailable, and with irradia- 

mi both sides a 7-em-thick sam- 

can be given a dose that is every- 

10% of 

is equivalent to 

megarad-Ib hr or 1.0 « 10! 

lb/hr) Up to 3 x 10" 

per second can be produced, 
und X-ra 10° r 

ARCO’'s intention in operating the 

t to 

is a potential research and 

too They thei 

iluate their own results 


vithin the maximum 
re -KW output 


1 U0) 


sup to 1.6 min. 


illow users to evaluate 
encourage 
ers to ¢ 

r either bringing or sending samples 
lit for The 

the facility is willing to offer 


irradiation. 


upervision as needed, 
tem is designed for continu- 
ition of samples passing 


belt 


removed for erection 


penn on a Conveyor 
in be 
nary experimental apparatus 
ol process systems con- 
ing liquids are also possible 
itory is equipped with a va- 
perimental instrumentation 
oscilloscopes for evaluation 
ed effects. The 
he beam are particularly ap 
of this kind 


already 


10-psec 


or studies 
mak 


Aero- 


ompanies are 


r use of the facility 
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jet-General Nucleonics brings its ura 
nium-loaded the AGN-201 
reactor to cross link the polyethylene 
Hewlett-Packard is irradiating a poly- 
ethylene probe tip that is considerably 


cores tor 


than its poly- 
Chemists from 
Jersey City, N. J 


irradia 


more stable to heat 


styrene predecessor 
M. W. Kellogg Co 
are performing experimental 
the effects of 


dro irbon s\VS 


tions to examine high 


energy radiations on h 


59-FT-HIGH TEST TOWER 
dominates new plant of High 
Voltage Corp. on Route 128 
north of Boston 


Leis Other studies are underway on 
organic catalysis, fish and fruit preser 


vation, and soil sterilization 


Van de Graaf is in 
Use at High Voltage 

When electron 
the 2-Mev Van de Graaff in use 
Voltage 
an output capacity of 200 


irradiation is per 
formed 
at the High 
facility ha 


( orp service 





° 
* ° 


° ae 





' 


[ —— Coney, => 


rae 


Poa 


























/ 
/ 


Conveyor oading 





\ oe 
\ | | 








Lonveyor 


Accelerator 























IRRADIATION FACILITY at High Voltage has conveyor to carry samples under beam 


and back to operating room. 


Oscillating motion is available for high doses 
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EXTENDED SCALI 


MEGOHMMETER 


di splays six decades 


of resistance 


without range swit hing 


HERE is a new standard of resistance 
measurement for laboratory and production 
tests—wherever capacitor or insulation 
leakages above 10 megohms are measured 
The Keithley 510 Megohmmeter combines 
ease of use with great range, speed, stability 


and uniform accuracy 


KEITHLEY 
M ; 51 


measures 10 
lo 10” ohn 


TEST POTENTIALS of 5, 50 and $00 volt 
are provided corresponding meter spans 

are 10’ to 10', 10° to 10", and 10° to 10! 
ohms. A novel logarithmic circuit, calibrated 
by internal resistance standards, eliminates 
the range switching and scale compression 
found in conventional ohmmeter 

The instrument also offers several times 
the speed of response and stability 


of conventional circuits 


OTHER FEATURES include extremely 
well-regulated test potentials and a guarded 
completely shielded input. Volume 
resistivity and component adapters, as v 
are available 


as triaxial guarded cables 


US UCCESSOTICS, 


COMPLETE DATA ire available in 
Keithley Engineering Notes, Vol. 5 No. 4 
A request on your company letterhead 


will bring your copy promptly 


V 


KEITHLEY M 
INSTRUMENTS, INC. 
12415 Euclid Ave., Cleveland 6, Ohio 





that Is 2X 10" 
With X-rays a dose 
hr is available to a 
the The 


or system is designed for speci- 


megarad-lh/ lr; 
(ergs/gm)-(bs/hr). 
1 K10"1 


from 


rate of | 
sample 7 inh, source 
con ey 
A maze- 


mens up to 15 in. in width 





ind-muirror system permits inspection 
lof material as it is irradiated. 


When small samples are to be irra 


| diated they can be placed in 18 & 12 


1 


2'5 in. trays made to travel on the 


conveyor Other accessories include a 


film winder for tapes, films, and fabrics 


and refrigeration equipment for ex- 


TEST CELL DOORS are visible to the left and right of corridors. 
ing of 16 of High Voltage’s accelerators at once 


Facilities allow test- 


both 


rates 


that 
irradiation 


periments require cooling 


and Dose can be 
changed by varying the output energy 
from 0.75 to 2 Mev and the beam cur- 
rent from 0.1 to 250 wa 
The irradiation facility 
SS,O000-IT 


opened last spring by 


is part of a 
that 
High Voltage 


$2-million, plant Was 
16 vaults designed 


Van de 


linear accelera- 


Included in it are 
for testing the 
Graaff machines 
tors. A 


designed 


company’s 
and 


special 59-ft-high tower is 


for testing large vertical 


accelerators. 


Photographic Method for 
Megaroentgen Dosimetry 


By H. F. NITKA and D. P. JONES 
Binghamton, N. ¥ 


{ naco, 


Among radiation detectors em rally 
used for measurement of high doses 
chemical and colorimetric indicators are 
preferred at present. These consist of 
Inorganic w#queoUs oxidation and reduc 
tion systems (for example, Cet*tt to 
Cett*, Fett to Fet**) or of special 
glass, such as copper- orsilver-activated 
phosphate glasses. Due to its high 
response to radiation, photographie film 
has been confined to the measurement 
of low doses as in monitoring for per- 
sonnel protection. However, the de- 
velopment of a special printout emul 


sion (1) introduces the possibility ol 


using a photographic system in the field 
of megaroentgen dosimetry. 

Qur experimental method suggests a 
means of using printout paper to make 
i simple dosimetry ribbon. <A section 
ol sue h i“ ribbon could be attached to an 
After 
exposure it could be read visually to an 
of +30% 
Better accuracy is avail- 


object that is to be irradiated. 
weCUuracy without auxiliary 
equipment, 
able with optical reading instruments. 

The 
10*-10? r and dose rates up to 107 r/hr 


need for measuring doses of 
exists particularly in the field of radia- 


tion preservation of food and drug 


products. The ferrous-sulfate system 
has been found useful for dose measure 
10‘ r. 


gives 
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THE TEN-Mev TANDEM ACCELERATOR under construction 


for Atomic Energy 
in this huge tank shown 
ENGINEERING 
} 


Low-cost New Van de Graaff® for 
industrial radiation processing! 

Ask about this new development 
at Booth 188-189, Atom Fair 


LANDMARK IN PRECISION-PHYS.- 
ICS RESEARCH is the 5.5-Mev 
Model CN Van de Graaff whose 
broad operating range makes it 
nvaluable for neutron cross-sec- 
tion studies and nuclear-energy- 
terminations 
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level de 
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CORPORATION'S plant. 
hows a proposed installation method 


of Canada Limited will be enclosed 
entering the 


HIGH VOLTAGI 
The artist's drawing 
Additional tandem 


LARGEST RADIATION-TESTING FACILITY 
for assembly and testing of Van de Graaff particle 


ties are under construction. 


ily HIGH 


BURLINGTON 


Van de Graaffs are being built by Hicu VowrTace for the 
University of Wisconsin and Florida State University. 
A six-foot engineering model of this newest and largest 
Van de Graaff will be displayed at the Trade Fair of the 
Atomic Industry, Booth 188-189 


VERSATILE RESEARCH 
PACKAGE is this two- 
Mev Model AK-N Van 
de Graaff. Positive-ion 
accelerators provide the 
basis for many nuclear 
research projects in all 
parts of the world. 4 
AIR LIFTING AN ATOM 
SMASHER for the French 
national atomic research 
center; accelerating col- 
umn for a 4-Mev Van de 
Graaff proton injector is 
flown to Paris. » 


radiation vaults 


comprises 16 separate 
Additional facili- 


accelerators 


et 
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filaments, 


Very small 
diameter — for thermo- 
couples, resistance units. 

PRECIOUS METAL WIRES... 
Produced in Platinum, Gold, alloys 
metals — small diameter 


and pure 


Platinum alloy resistance wires. 


COATED WIRES.. 


extensive range of electroplated grid 


Comprising an 
wires Enamel insulated wires for 


precision resistors and potentiom- 


eters 


ANODIZED ALUMINUM WIRE... 
800°F Precision 


drawn to close resistance in the 


Insulation at 


lists in 
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Write for List of Products 
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Unusval 


SIGMUND COHN CORP. 
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} Organi 


exposure doses up to 10’ r as do glass 
dosimeters (2,3), Conventional photo- 


graphic emulsions have not been ap- 
plied in this field because of their rela- 
tively high sensitivity to high-energy 
an ordinary 
film having an ASA 
200 will yield a silver den- 


approximately 


radiations For instance 
black-and-white 
speed of 100 
ilter processing, ol 

au dose of only Ir (4). 


Paper-and-Crystal Badge 


Recently, the use of a special ‘ high- 


peed” printout emulsion, 
Tl-activated 


iodide scintillator crystal, was described 


In conjune- 


tion with a potassium- 
|for measuring doses up to 500 r (4). 
This dosimeter is intended as a disaster 
badge and indicates doses < 50 r 
Due to the rather low 
tivity of the 


jlarly to high-energy gamma radiation, 


intrinsic sensi- 


printout paper, particu- 
a powerful intensifier has to be used. 
In this respect the thallium-activated 
halide 
scintillation materials like ter 
ete, 
sponse to radiations of various energies 


ilkal} crystals are superior to 


' ah) 

phenyl, anthracene, rheir re 
is opposite to that of the printout paper 
alone; their fluorescent efficiency is high 
for high-energy radiation and low for 


soft radiation. This fact, in addition 





i tration 18 in excess ol 


makes the 


combined 


a lead filter, 
the 
scintillation-crystal and print-out-paper 


to the 


use ol 
radiation response of 
system energy independent over wide 
energy ranges of practical significance, 


Printout Paper 


Printout proof paper has been used 
for many years to make nonpermanent 
prints for selecting optimum print con- 
Printout materials do not re- 
They 
commonly contain, in addition to silver 
hialiche 


citrats 


ditions 
quire wet chemical processing. 
a considerable amount of silver 
the silver-ion concen 
the 


quired to combine with the halide ions 


whereby 
amount re 





| 
| 
| 
| 
| 


| 
} 


specks 


| apply able 


CGuerney-Mott theory appears to by 
to the the 


photographie process in sur han emul 


mechanism of 
sion (6 According to this theory the 
primary action of the incident radiation 
sto produce photoel cetrons, which are 
trapped by any minute silver or silver- 
sulficl tes known as sensitivity 


then 


aggrega 

The negative 
neutralized by the 
After formation of silver specks 


charge 1s 
movement of silver 
1ons 
of sufficient reaction occurs in 
which the 


deve lope I 


size, ft 
acts as a physi 


It ke posits more silver 


silver citrate 


and hence forms image silver 


Dose response. | 1 shows the 
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sit produced lor various exposures EVER 
es. It can be 


to irious types ol sources, 


seen that the Co response almost 


covers the requirements of radi- INCREASING 


nm preservation—10* to several mil- 
ionr. The fog-level density of an un- 
exposed emulsion 1s 0.05-0.08. | EFFICIENCY 
Energy dependence. The emulsion 
es not have an energy-independent 
wonse, as is illustrated in Fig. 1 From eee 
rgy dependence requires calibration 
for a particular radiation source. This ¢ 
not difficult for, sav, a Co source or / 


erator like a Van de Graaff or a 


ideally 





onant transformer operated at a 


ind velba,“ Mibieier, te spent- In Line With Its leading grower of 
rod sources with their broad spec- Expanded Activity scintillation crystals of 
all types, detection heads 
and counters. 


and time dependence due to the 


npilu ated decay ol fission products In The Nuclear Field, 
inaccuracies in reading the exact National Radiac 


Has Increased The The following National Radiac crystals 
Efficiency Of Its and non-crystals in the detection 


_ , line* also have been improved in 
Sintilon Brand Plastic both quality and efficiency: 


Phosphors. It Is To 
i MODEL BS-1 Sintilon Brand Beta Particle 

Be Especially Noted Crystal Detector—1" diam. 

° MODEL 85-2 Sintilon Brand Beta Particle 
That The Relative Crystal Detector—1'/2" diam. 
Light Yield To MODEL AS-1_  Sintilon Brand Alpha Scintillation 

Detector-—1" diam. 

Betas Has Been MODEL AS-2 Sintilon Brand Alpha Scintillation 
fhenonaedl ee } 4 ii Detector-—1'/2" diam. 


5 
a 10 Increased MODEL NBS-1 Sintilon Brand Boron Plastic Slow 


Spee Senay IT 70%, Of Th t Neutron Scintillation Detector— 
FIG. |. Dose response of printout paper to ° ’ e 1" diam, 


several types of radiation. Sources are as Of Anthracene. MODEL NBS-2 Sintilon Brand Boron Plastic Slow 
follows: a, b, c, electrons from G. E.- Neutron Scintillation Detector— 
Milwaukee resonant transformer, 0.5, 0.7, 1'/" diam. 

1.0 Mev, respectively; d, Argonne spent-fvel | © Personalized MODEL MFS-1 Sintilon Brand Fast Neutron 
source; e, Quartermaster spent-fuel source; | consulting service Scintilletion Counter—1" diem. 

f, Dugway Co” source; g, 2-Mev Van de Is available for any MODEL MPFS-2 Sintilon Brand Fast Neutron 
Graaff electrons | — eed Scintillation Counter—1'/2" diam. 
electronic or 

systems problem. MODEL XS-1 = Sintilon Brand Thin Window X-ray 
« be eno > cok Counter Containing Hermetically 
LU expected. For such| 
Sealed Sodium lodide (T1) Crystal 
the dosimeter could still serve @ For complete details a=?” diem X 2 mm Thick 
qu ilitative means for indicating Pek nig ve Sintilon Brand Thin Window X-ray 
7 Counter Containing Hermetically 


free literature and . 
lhe observed energy dependence cor- specifications to Dept. N-2 arte yet apt: a 


ponds to that of ordinary photo- 








vhether or not radiation was applied. 


raphic emulsions. The energy of the, 
1 rays is dissipated through the 


of the secondary electrons re- oY, ’ 52, fh: 
from the atoms in the absorbing | alionil WGC also has increased 


| . 
layers. Since the energy | the effectiveness of the following heads Also included In 


per unit path length is higher for) [YS R Mr iar wta) ey eae T erystel detectors 
ower electrons, the sensitivity de-| 2” SCINTILLATION HEADS ore: Stilbene, 
creases as the energy of the incident FAST NEUTRON SURVEY METERS ae aa 
sadiation taantncia, Sodium lodide 
Rate dependence. The response of 
printout paper depends somewhat 
e rate, at least over the range 10 
r/min. Higher rates have not 
been checked so far, but no signifi- 
int change is expected up to the ~10° « 
r/min applied in food preservation. LEC me. 
This small rate dependence can be 475 WASHINGTON ST., NEWARK 2, N. J. r 
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PROCESS WATER 


completely 
automatically 


Looking for a Demineralizer effluent 
with a purity in excess of 15-meg 
ohms? And fully automatic operation 
on a “Packaged” unit basis? Then con- 
sult Penfield —- the pioneer designer 
and manufacturer of “Packaged” De- 
mineralizers for industry’s most crit- 
ical needs. 

Obtainable for fully automatic op- 
eration, including the entire regenera- 
tion cycle, or for manual control, 
Penfield Demineralizers are available 
in mono-column, dual-column and 
multi-column types with flow rates 
from a few gallons per hour to 10,000 
G.P.H. and up. 

Each Penfield Demineralizer is 
shipped completely assembled — ready 
for instant operation upon simple con- 
nection with a plant's service lines. 
Write today for specification sheets on | 
a Penfield “Packaged” unit that will 
fulfill your requirements for ultra-pure 
process and make-up water 


An ultra-pure effivent in 

excess of 15-meg ohms 

is produced by this 

fully automatic Model 

MA Penfield Mono- 

Column Demineralizer 

When purity falls be- 

low pre-set standards, 

the need for regenera- 

tion is automatically 

signalled, The setting 

of a single switch then 

accomplishes a com- 

plete regeneration cy- eo 
cle, including rinsing 

and recutting in effluent when desired resistivity 
(purity) is reached, Model MA units are avail- 
able with flow rates from 200 to 5,000 G.P.H 


Special Point - of -Use 
Demineralizing System 
Each operator's 
bench is equipped with 
a T-20 Penfield Mono- 
Column unit (inset 
picture) that supplies 
up to 40 G.P.H. of 
10-meg ohms and bet- 
ter water for critical 
rinsing and make-up | 
needs, Operating costs 
remain low since the 
units’ mixed bed ca- 
tion and anion resins 
are regenerated by the Penfield SR-1 Regenerator 
(main picture) — an in-plant component of this 
special Penfield Demineralizing System 


Visit us at Booth 186 at the 1957 
Trade Fair of the Atomic Indus- 
try, the Coliseum, New York, 
N.Y .—October 28, 29, 30 and 31. 
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| ordinary 


described in terms of a high-intensity 
reciprocity failure that is observed in 
X- 


ordinary 


photographic emulsions for and 
gamma-ray In 


emulsions having a considerably higher 


exposures. 


sensitivity to gamma radiations than 
printout emulsions, grains usually are 
exposed and made developable by a 
single quantum hit. In printout emul- 
sions, due to their low intrinsic sensitiv- 
ity, multihit processes will become im- 
therefore the 


reciprocity law will gain in significance 


portant and failure of 
Furthermore, since in a printout emul- 
sion the reduction of Ag’ ions to Ag 
atoms depends even more on the ion 
mobility than in ordinary photographic 
emulsions, a high-intensity failure can 
be expected due to the sluggishness of 
the migration of silver ions to the latent 
image speck Photoelectrons may re 
turn to the bromine ions from which 
they were released and thus be lost for 


latent-image formation 





50 100 500 1000 5900 
as Dose Rote (r/min) 


FIG. 2. Plot of exposure required for 
standard density as function of dose rate 
shows how sensitivity decreases with in- 
creasing dose rate 


Stability. Natural aging tests under | 


room conditions (50% rela- 
tive humidity, 72° F) showed good sta- 
bility over a period of six months with 
Wrap- | 


ping of the paper in polyethylene-coated 


respect to sensitivity and fog. 


aluminum foil or borax-coated straw 


paper is advantageous 


Experimental Procedures 


For the present investigation, dosim- 
eter badges of dental-X-ray-film size 
were used, The printout paper was | 
sandwiched between two sheets of film 
base and two pieces of l-mm card- 
board and wrapped in polyethylene- 
coated aluminum foil. Densities be- 
fore and after exposure were read on an 
Ansco-Macbeth Model 12 Densitome- 
ter equipped with a reflection head and 
a Wratten No. 22 orange filter, used to 
avoid formation of additional photo- 
lytic silver during the measurement 


These density values were in perfect 


agreement with those obtained on a 


Beckman DU spectrophotometer using 


6,000 A 
For more rapid but 


less accurate 


measure 
time 
intervals 
short as 
00000000004 
seconds 


Milli-Microsecond 
time-to-pulse-height converter 


Model TH-300... Applications: Neutron 
time-of-flight studies, half-life 
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fast coincidence studies, short-time 
decay in isomeric states 

Domestic price $750. FOB, Factory 


Write for technical data sheet # N—10 


Eldorado Electronics 
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Harbor Road 
Oakland 
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aluation of the dose, tests were made 
vith a design that eventually will be 
loser to practice: The densitometric | 

aluation was replaced by a visual 
examination in which the density was | 
ompared visually with an adjacent 
printed gray scale through a light 
wange filter. A statistical evaluation 
carried out in this manner with several 
observers indicates that the dose can be | 
read to better than +30% 


Dosimetry Ribbon 


rhe results of this last experiment 
have lead us to a conce ptual design of a 
dosimetry system that would combine 
all of the three necessary elements in a 
single ribbon. Printout paper would 
be placed beside a previously prepared 
gray scale, and the combined system 
vould be enclosed in an orange-dyed 
gelatin or cellulose-triacetate filter 
Units of this type can be made into a 
perforated ribbon A light-tight shield 
can be part of the nbbon, or it can be a 
ontainer for the ribbon. Dental-film-| 
ze units would be big enough 


Comparative Usefulness 


rhe photographic printout paper 
badge is superior to liquid chemical sys- | 


tems used in megaroentgen dosimetry 


particularly with respect to stability | 


mode of evaluation, and simplicity 
For instance, the ceric- and ferrous-sul- 
fate systems have a stability of only a 
few days (2 However, these other} 
systems are superior with regard to| 
energy independence. Recently the 
ise of special glasses for megaroentgen 





losimetry was recommended (8). 
These exhibit a good response and | 
energy independence above 200 kev. 
However, they require a colorimetric 
evaluation. In this respect the photo- 
graphic printout paper with an adjacent 
comparison scale might provide some 
idvantages with regard to simplicity of | 
aluation 


* * * 


Thiea work wae carried out in collaboration 
with the Quartermaster Food and Container 
I natitute Chicago which coordinates the 
fforta of various industries, universities, re- 
search inatitutes and government agencies in a 
broad research program on sterilization by 
adialion The coo peration of G. EB. Danald 
und D. F. Farkas of the Food and Container 


y 


I natitute is acknowledged 
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Radiation Polymerization 
Makes Stronger Polystyrene 


By E. L. COLICHMAN* and R. F. FISH? 


Atomics International, Canoga Park, California 


It is well established that the addi 
tion of divinylbenzene to styrene as a 
copolymerizing agent results in plastic 
compositions with greater solvent re- 
istance, increased hardness, and higher 
Dis 


hardness 


heat-distortion temperatures (7) 


tortion temperature and 
proportion to the 
added 


with conventional tech 


Increase in} con 


centration of divinylbenzen 
Unfortunately 
and 
the 


about 4-5% divinylbenzene 


tensile 
alter 


niques impact strengths 


decrease addition of only 

We have found that radiation poly 
merization allows a greater incorpora 
tion of such materials without impair 
ing the properties of the polystyrene 
thus 


three-dimensional polymer comprised 


plastic formed. Presumably a 
of long polystyrene chains cross-linked 
with divinylbenzene is formed during 
This 


have 


three-dimensional 
that are 


irradiation. 


network may chains 
longer and higher in molecular weight 
conventional 


those formed by 


thermal methods, This premise would 
explain why structural properties are 
considerably better than those obtain- 
able by other methods 

The radiation doses used in achieving 
the production of superior copolymer 
ized polystyrenes are small enough to 
suggest that such a process could be 
commercially attractive 


Improvement of Properties 

We have studied radiation polymer 
ization of styrene with 0-10% divinyl 
benzene as the copolymerizing cross- 
linking agent at gamma doses of 1.0 
3.8 < 10’ r and temperatures of 50 
100° ¢ Results 
strength improvements as high as 50% 


indicate tensile 
heat-distortion 
a 3 


conventional 


tempera 
those 
thermal 


Increases in 


tures approach above 


obtained by 
methods Even with as much as 10% 
divinylbenzene as a cross-linking agent 
radiation-produced samples continue to 
show increasing tensile strengths while 
produced 


conventionally specimens 


* Present address Ramo- Wooldridge 
Los Angeles, Calif 


Aerojet-General Nu 


Corp., 
t Present address: 


cleonics, San Ramon, Calif 


4 = _ 


4 
Divinyibenzenes (per cent) 


FIG. |. Hardness of polystyrene increases 
as divinylbenzene content increases. These 
curves representing polymerization § at 
85° C are typical. Each point combines at 
least 30 observations 


show «a marked decrease in tensile 
properties and a tendency toward em- 
brittlement with more than 5%. 
Hardness. Typica! hardness results 
Note that hard- 


in these radia- 


are given in Fig. 1. 

ness increases steadily 
tion-produced polystyrenes with in- 
creasing divinylbenzene concentration 
as is the case with the thermally pro- 
duced polystyrenes. A comparison of 
the data shows that for a given concen- 
tration of divinylbenzenes the higher 
polymerization temperatures tend to 
yield the 
10% 
At lower concentrations of cross-linking 
the effect of both temperature 


hardest samples only after 
about divinylbenzene is added 
agent 
and total radiation dose in the poly- 
merization seems to be specific. Opti- 
mum hardness within the poly meriza- 
tion-temperature range, 50°-85° C, is 
obtained at a radiation dose of 2 * 10’r 
The hardest specimens obtained were 
polymerized at 85° C and 2 X 10’ r. 

results were also 


Jarcol hardness 


determined for radiation-produced 
polystyrene with 2-10% triallyleyanu- 


Re- 


sults indicate that these plastic com- 


rate added before polymerization. 


positions are considerably poorer than 
those prepared with the same concen- 
A tendency 
that 


tration of divinylbenzenes. 
embrittlement 
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8 
Divinylbenzenes (per cent) 


FIG. 2. Radiation-polymerized polysty- 

rene shows good tensile strength for high 

divinylbenzene content in contrast to that’ Several hundred isotopically labelled compounds are now produced regularly at 
conventionally polymerized Amersham. They include an unrivalled range of materials needed for tracer work 
in biology, pharmacology, medical diagnosis and therapy, and in many technical 
applications of chemical products—pesticides, weedkillers, hormones, and the like. 
Most of these substances can be supplied from stock—or in the case of short- 
lived isotopes, at reasonable notice—and their specific activity and chemical 
purity are generally the highest available today. 


Some examples from our current production are: 


Compounds of Thiopentone-S35, sodium salt 
‘Pharmacological Sulphanilamide, and other sulphonamides-S; 5 
Interest: Cysteamine-S3 5 
6-Mercaptopurine-S 3 5 
Phenothiazine-S 3 5 
Di-isopropyl fluorophosphonate-P 32 
Tetraiodophenolphthalein-I1 31 
4-lodoantipyrine-I1 31 
lodinated oils and fats-I131 
Mersalyl-Hg203 
Sodium stibogluconate-Sb1 24 





t 
© 


per 


Elongation 


3 an Surface-active Potassium ethy! xanthate-S3 5 
we _ Agents: Sodium di-isoamy! sulphosuccinate-S 3 5 
—4 , Sodium lauroylmethyltauride-S 5 5 


- Sodium lauryl] sulphate-S 35 


Divinybenzenes (per cent) 


FIG. 3. Elongation before breaking is 
better when polymerization occurs in ab- 
sence of air and at low temperatures 


lesirable conditions for radiation poly- 
erization of these comonomers may 
difficult to find. Apparently the 
radiation-produced compositions in 
these cases are rigid, three-dimensional 
polymer molecules 
Tensile properties. Typical tensile- 
strength, percentage-elongation, and 
heat-distortion results are given in 
Figs. 2-4. Tensile strengths slightly 


xcess of 10,000 pai can be obtained Write for further information to: 
4 ‘ 


vinylbensene copolymers THE RADIOCHEMICAL 


polymerized styrenes con- AMERSHAM + BUCKINGHAMSHIRE 


some of the radiation-produced 


inylbenzene are reported to 
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strument racks of leadiy 
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supplies, since 1949 a 
of precise DC voltage 
Write for data 
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Electronic Tools sf for Industry 


jent. The lower rate of polymerization 
|in the absence of oxygen results in sam- 


| main liquid at 70°- 100° C 
| 1-2 & 10’ r in the absence of oxygen. | 


| needs thorough investigation 


extent 


| centage-elongation 
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FIG, 4, Polymerization at 70° and 85° C 
produces better heat distortion properties 
than conventional thermal polymerization 


ield maximum values of about 7,000 | 
psi (1). 
improvement in tensile strength can be | 
With | 


tensile | 


Thus, approximately a 50% 


achieved by using radiation 
radiation polymerization 
trength remains high even with 10%} 
concentrations of divinylbenzenes while | 
the tensile strength of thermally pro- 
duced specimens decreases considerably 
at divinylbenzene concentrations > 5% 
Higher radiation doses are needed for | 
polymerization of evacuated samples | 


| 


than for those irradiated with air pres- | 


ples with poorer tensile strengths at 


lower radiation dosages, probably be- 
cause the plastic compositions are not 
Stvrenes 


completely poly merized 


with less than 2% divinylbenzene re- 





and doses of 


The exact role of oxygen in vinyl poly-| 
merizations is not well understood and | 
Barnes | 
(2) has studied the problem to some | 
His results show that either | 
too much or not enough oxygen inhibits | 
polymerization , 

The elongation results lead to the | 
same conclusions as tensile-strength | 
data. Itis important to note that per- | 
values are several | 
fold greater in those polymer samples | 
This | 


may be due to incomplete polymeriza- | 


prepared in the absence of air 


tion or to different cross-linking. 


Heat-distortion temperatures are | 
seen to increase linearly with increasing 
concentration of divinylbenzene as in| 


the case of thermally polymerized | 
compositions (1). 


As shown in Fig. 4, those comonomer | 
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| diluents 


dried over 


compositions polymerized at 70° and 
85° C 


temperatures than similar compositions 


possess higher heat distortion 


thermally polymerized by conventional 
methods at 100°-150° C. The 
mum degree of enhancement in heat 


MmaxXi- 


distortion was in samples produced at 
85° C and 3.8 & 1071 
Experimental Procedures 
The 
tained in 12-mm P 


styrene samples (7.4 ml con- 
yrex capsules) were 
irradiated with our laboratory’s Co® 
source (3) orin the MTR gamma canal 
The cobalt source provides a dose rate 
of 2 & 10° r/hr 
is 10! 


ples an exposure dose of | ris equivalent 


and in the canal the 


rate r/hr For polystyrene sam- 


to an absorbed dose of ~90.1 ergs/gm, 
the cobalt 
source were irradiated in air, Those in 
the MTR to 
~0.1 mm of Hg, cooled in an ice bath, 


Samples irradiated with 


canal were evacuated 


and sealed before irradiation. 
Materials. 
was Dow Chemical Co.’s Styrene N-99, 


Our styrene monomer 
composed of 99.6% styrene with 10-15 
ppm tertiary-butylcatechol as inhibitor. 
Divinylbenzene monomer was Koppers 
Co.’s technical grade of specific gravity 
0.918. Its 


52.2% divinylbenzen 


analysis was as follows 
isomers, 41.4% 
isomers, 6.4% 
di- 
of 


stabilizer. 


ethylvinylbenzene 
including 


nonvolatile aromatics 


ethylbenzene, and a few ppm 


tertiary-butyleatechol as 


Concentrations given for divinylben- 


isomers have been corrected for 
Both and 
freed of their inhibitors 
the 


hydroxide 


zene 


styrene divinyl- 


benzene were 


before use by extracting phenol 


with aqueous 5% sodium 


until the 


Then the organic layer was washed and 


aqueous layer was colorless 
anhydrous calcium sulfate 
All of these operations were carried out 
below 10° ¢ 


merization, 


’ to prevent premature poly 
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The Effects of Nuclear Weapons 


Edited by SAMUEL GLASSTONE (VU. S. 
Government Printing Office, Washington 25, 
D. C., 1957, xii + 579 pages, $2.00). 

Reviewed by Jessr = (ook III, 


UCLEONICS 


This is a new vers f an earlier 


book, the need for which is explained in 


the first paragraph of Dr. Glasstone’s 
prelace When ‘The Effects of Atomic 
Weapons’ was first issued, in 1950, the 
3 of the bombs 
were equivalent to 
TNT The 


x plosions and 


plosive energie itomu 
known at that time 
ome thousands of tons of 
atomic ¢ 


therefore 


le criptions ol 
their effects 
so-called 


release 


vere based on a 
with an 
that of 
TNI 


no longer possible to deseribe the 


‘nominal’ bomb 


energy equivalent to 
20 000) tons ol 
It i 


effects in 


20 kilotons ol 


single nominal 


terms ol a 
bomb 
1 his 


classified as 


last sentence could well be 
the understatement of the 
eal Ina foreword tothe book signed 
by Secretary of Defense Charles | 

Wilson and AKC Chairman 


Strauss, we The 


herein is 


Lewis L 
learn that effects in 


formation contaimed ealeu 


lated for megaton 
The 


1 nol lo be 


yields up to 20 


fiqure on vu megaton however 


laken as an indication of 
capabilities or development the em 
pha inl Tritt 

Although this updated ver 
H-bombs 


significant that there is 


ion con 


tain discussion on it 1 


perhap no rel 


made to ‘clean’’ bomb de 
(Juits 


that 


erence velop 


ment the contrary, this book 


tute taciological warfare has 
become an automatic extension of 
the offensive use of nuclear weapons of 


high yield 
of radiological 


and further ‘1 he objec tive 


to contami 


make 


impossible without any a 


warlare is 


nate factories or equipment to 


their use 
companying material destruction 

Phe book contains data on the blast 
radiological effects of all 


heat and 


{ S. nuclear explosions, from the 


Hiroshima and 


tests ol 


dropped on 
NX wasaki in 1945 through the 


hombs 


| iif h chapter has been divided into 
two parts. The first part consists of a 
general discussion followed by a more 
The 
o arranged that the lay reader will not 
tech 


technical second part material is 


} 


lose continuity by omitting the 


nical parts 


The lay reader will find much to 


if he is well informed, 
that is 
such as 


interest him, but 
hardly 


Technical specialists 


anything really new. 
“archi- 
tects engineers (sic), medical prac- 


titioners, and others”’ will find exten- 
sively detailed data upgraded from the 


earlier book 


L'Energie Nucléaire dans le 
Monde 


By THOMAS REIS (Dunod, Paris, 1957, viii 
296 pages, 2900 francs) 

Reviewed by HeNRY Hi HAUSBNER, 
Nuclear 


( [ 
orp 


Engineering Div Penn-Texas 


New York, N. ¥ 


Che author, for many years known 


is an energy expert, presents an excel- 
present nuclear 

the 
“2¢ 


programs in 459 


lent review of the 


situation and various 


Cnergy 


nucieal engineering 


countries of the five continents, includ 


ing U.S.S.R. and the countries behind 


the Lron Curtain 
The first 
world’s energy problems in general, and 


chapter deals with the 


the role of nuclear energy up to the year 
Z000 iM mphasis is give n to the energy 
ituation in Europe, and especially in 
lrance A 


energy sources in the world is given in a 


careful survey of the 


number of graphical representations 
The second chapter reviews the in 


dustrial groups dealing with nucleat 


engineering in various countries, their 


activities and programs, and presents 
for the first time a clear picture of the 
Kuropean, and especially French, a 
tivities in the field. Detailed informa 
organization and 
Atom 
as well as on the 


Chatillon 


is given on the 


tion 
the budget of the French 
energy Commission 


French reactors located in 
Saclay and Marcoule 
the French 


interest to 


In the description of 
nuclear industry, it is of 
about the 


structure of the newly 


learn rather complicated 
formed nuclear 
engineering Most of thes 


groups are compose d of 8 to 20 different 


groups 


companies and one gets the impression 


that nuclear development in France 
depends on both industrial cooperation 
and competition at the same time 

Also of 


cerning nuclear 


interest is information con- 


industry in India and 
its 5-year plan, as well as its collabora- 


The 


author has also listed the more impor 


tion with Norway and Sweden. 
who ar in 
the United 


Authority. 


tant companies in the U. K 


close cooperation with 


Atomic 
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18th Century when deft artisans with 
imple tools “custom tailored” precious 
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developing new concepts, neu 


production techniques, new products. 


Craftsmanship 


is |Limeless 
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PHOTOMULTIPLIERS 
OF HIGHEST 
EFFICIENCY 


These tubes combine high 
sensitivity with exception 
ally low noise and are there 
fore ideally suited to gamma 
spectroscopy as well as 
scintillation counting. The 
photocathode is formed on 
the flat end window and has 
highest sensitivity in the 
region of 4,200 A°. The range 
includes tubes having eleven 
or thirteen stages, Pyrex, 
kodial or quartz windows 
and cathodes of various dia 
meters. The type illustrated 
has the following charac 
teristics. Full details will 
be sent on request 

TYPE 


VMP. 11/44 


Cathode diameter 44 mm 
Minimum cathode sensitivity WO uAjl 
Average cathode sensitivity 0 uA/l 
Spectral response $11 
inimum overall sensitivity 
at 160 v per stage 
Average volts per 
200 A/L, 
Maximum 
200 AJL, 
Anode capacity 
Window material 
Maximum diameter 
Overall length (seated) 
Kase 


| 200 A/L 
tage for 


dark current at 


ELeCraONICs 


aimire 


In this chapter, as well, the reader will 
become acquainted with the various 
journals in the U. 8., U. K. 
Germany, Holland, and U.S.S.R., de- 


France 


voted exclusively to nuclear engineering. 

Chapter 3 deals with estimates of th 
number of reactors to be built within 
the next 40 years in 25 countries \ 
valuable book! 


very 


BOOKS RECEIVED 


An Introduction to Reactor Physics, by 
D. J. Littler and J. F. Raffle (Pergamon 
Inc., New York, 1957, x + 208 
$5.50) 


Press 
pages (To be reviewed.) 

Introduction au Génie Nucléaire; Vol. 
1, Physique et Calcul des Réacteurs 
Nucléaires; Vol. 2, Controle et Protec- 
Kahan and M 
1957, 
pages, vol. 2—xiv + 
3.900 F each) 


tion, by T. CGauzit 
vol. ] 


396 


Dounod, Paris, xiv + 


Tele! pages 
(To be reviewed.) 


Fried 
1 homas 
945 


Medical Radiation Biology, by 
(Charles C 


1957, xxxiv 4 


rich Ellinger 
Springfield Ill. 
pages, $20.00) T'o be reviewed 
Nuclear Chemical Engineering, | 
Manson Benedict and Thomas H. Pig 
ford (McGraw-Hill Book Co Ine 
New York, 1957, xiv + 594 pages, 
$9.50 (T'o be reviewed.) 


T. Price 
Spinney 
York 
To be 


Radiation Shielding, by B 
C. C. Horton, and K,. T, 
Press, Inc., New 
1957, ix + 350 pages, $10.00 


Pergamon 
reviewed. ) 


Analytical Design of Linear Feedback 
Controls, by G. C. Newton, Jr., L. A 
Gould, J. F. Kaiser (John Wiley & 
Sons, Inc., New York, 1957, xi + 419 
pages, $12.00). Written on a graduate 
level, this book provides a design pro 
cedure by which mathematical analysis 
is applied to idealized models represent- 
ing physical equipment. In contrast 


to the usual trial-and-error design 


| methods, analytical design determines 


the best compensation implicit in the 
specifications to give the required per 
Two performance indices 

the 
tran 


lormance 
ire included in the discussion 
integral-square error index for 
signals and the mean 


sient input 


square-error index for stochastic input 


Nuclear Engineering, edited by Charles 
I Bonilla (McGraw-Hill Book Co., 
Inc., 1957, xi + 850 pages, $12.50) 
T'o be reviewed.) 


ALSO OF NOTE 


AEC biology and medicine studies. 
Two reports are available: Summary of 
medical studies on Hiroshima children 
exposed to the atomic bomb, 1951-1953 
NYO-4478, 100 p., 55¢); Effects of 
explosions on canned foods 
Operation Teapot, Project 32.2 (WT- 
1212 5O0¢). Office of Technical 
Services, U.S. Department of Commerce 

Washington 25, D. C 


nuclear 


4 p 


AEC Research Reports Price List No. 
28. Semiannual price list of unclassi- 
fied reports for sale by OTS is avail- 
able More than 4,500 AEC 
Office of Technical Services, 
Wash 


reports 
ire listed 
U.S. De partment of Commerce, 


ington PA dD. (’ 


Guide to Atomic Energy Literature 
for the Civilian Application Program 
TID-4575). This beoklet 
AEC technical information publica- 
tions and services and how to locate 
74 p. Techni- 
cal Information Service Extension, P. O. 
Box 1001, Oak Ridge 


describes 


obtain and use them. 


T'enn., no charge 


; 


X-Ray Attenuation Coefficients from 
10 kev to 100 Mev (NBS-583). Co- 
efficients for 29 materials are presented. 
Calculated and experimental values are 
compared, 54 p. 
Documents, U. 8S. Governmen Printing 
Washington 25, D. C., 80.35 


Superintendent of 
Office 
Prospecting for Uranium. A revised 
edition of handbook, published 
jointly by the AEC and U.S. Geological 
Survey, includes information developed 
1951). Also 


included are latest price circulars and 


this 


since the previous edition ( 


up-to-date uranium-mining laws and 
regulations U. S. Government Print- 


ing Office, Washington 25, D. C., $0.76 


This 


series of bulletins is being published in 


Report Announcement Bulletin. 


conjunction with a large-scale review 
of AEC research and di 


ports to make as much information as 


eclopment re 


possible available through the Civilian 
Application Program sy this means 
declassification of reports is announced 
Listed 
described fully in supplements to Nw- 
Office of Tech- 
nical Services, Department of Commerce 


Me by 


immediately. reports will be 


clear Seivence Abstracts 


W asl i ngton 24 


Annals of the International Geophysi- 
Year. Volume 3, “The 
is the first to be published of 
i series to record the history and many 
sults of the IGY 
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Harold Spencer Jones as general editor, | SE f TH t LATEST 


t-§ volumes of ~400 pages each will 
be published during 1957-58. Sub- | 


scription rates are $17 for each volume. | VA NUCLEAR INSTRUMENTS 


Place subscription orders with: Perga- | 


mon Press, 4 & 5 Fitzroy Square, London 


W 1. or 122 E. 56th St., New York 22, at ATOMFAIR BOOTH # 308 


oS 


Feed Materials; A Bibliography of 
Unclassified Report Literature (TID- 
(084). This bibliography lists 770 


eferences to analytical procedures, RESEARCH INSTRUMENTS 


yroperties, ore processing, fabrication, 
ipparatus, etc., for uranium feed mate- Wai Mitt “pe yi esearch — 


rials of normal isotopic content suitable 
for introduction into Pu-production re- 








vctors or gaseous diffusion plants 
109 p. Office of Technical Services, De- 
partment of Commerce, Washington 2 


D.C... 80.60 


), 


Servosystems Laboratory Manual. 
This manual is designed as the basis 
for an introductory laboratory course 

conjunction with a lecture using 
1 standard text. 32 p. Educational 
Services Dept., Servo Corp. of America, 
2020 Jericho Turnpike, New Hyde Park, 
V. Y., 82.00 


Professional Engineers’ Income and 
Salary Survey, 1956. This survey of 


registered professional engineers shows PERSONNEL MONITORS 
i median income of $9,490 in 1956 com- CUTIE PIE 
pared to $7,850 in 1952. This third 
biennial survey is useful in indicating - 
trends since 1952. National Society of ; SURVEY 
Professional Engineers, 2029 K St ‘ METERS 


\ W Washington 6 dD #4 , me mbers TA radiation survey 
meters have found 
widespread accept- 
) ] ance wherever 

Interpas Monthly Patent Data. Pat 7 eadiolestapes eve 
ents newly issued in major countries used, Several T/A 
Junos are aboard 
. ; the U.S.5. Nautilus. 
ento assignee ae) PY ‘te sept 

ntor a ignee, country, etc. In sepa Other T/A survey 
rate editions for each of 148 sub- meters are busy in 
ect groups. International Patent Serv- medical, military, 
ce (Interpas) N.V., Branch Holland mining, industriel, 


> > > Lo reactor, and research 
P.O.B ; | m4 Box) 101, Den Bosch, The C J} epplications. 
Vetherlands 


Symposium on Biocolloids. These pro- | MODEL HSC-1 


eedings of the symposium sponsored BETA-GAMMA 
ng sym] e} HAND AND SHOE COUNTER 
the Biology Division, Oak Ridge 


f 50. nonme mbers $7] 





ire tabulated according to title, in- 





National Laboratory, April, 1956, are T/A has continually led in 
reprinted from the Journal of Cellular the development of person- 
nel monitoring instruments MODEL $-12 
: to provide automatic detec- SAMSON 

\ limited number of the monographs then end meesuremen? of 


diati * 5 ei 


ire available free of charge to scientific ' c 


und Comparatwe Physiology ( May ’57 








estigators who can establish their 
ed. Biology Div., Oak Ridge National Walle sor complete catalog, 
Laboratory, P. O. Bor Y, Oak Ridge “Instrumentation for Nuclear Research” 
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dose measurement and spectrometry 


Y) 
85 


The range now includes 
Sodium lodide Crystals Planchets and absorbers are 
“Pamelon" plastic scintillator important accessories for 
Zinc Sulphide Powder and Screens accurate radio-active 
Linc Sulphide and Boron measurement. Planchets available 
scintillators as fast in aluminium. Lead and aluminium 
and slow neutron detectors. absorbers supplied in boxed sets 


For use with all standard 


British photomultipliers 
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lected papers, edited by L. I. Katzin, 
cover, for the most part, experimental 
work performed by the Manhattan 
Project staff up to July 1, 1945. Data 
are presented on the nuclear properties 
and chemistry of U***, thorium and pro- 
tactinium. Office of Technical Services, 
Department of Commerce, Washington 
5, D. C., 83.26. 


Guide to Atomic Energy Literature 
for the Civilian Application Pro- 
gram (TID-4575 This publication 
explains what classified and unclassified 
information is available to participants 
in the Program, how to locate and use 
this information and how it may be ob- 
tained, Office of Technical Services 
(’. S. Department of Commerce, Wash- 
ington 25, D.C, 


Bibliography of Research on Deu- 
terium and Tritium Compounds, 1953 
and 1954 (NBS Circular 562, Suppl. 1). 
720 articles are listed. 31 p. Super- 
intendent of Documents, U. S. Govern- 


ment Printing Office, Washington 26, 
a; Ait 0 


Translations of Russian mono- 
graphs. Translations of the following 
tussian technical monographs have 
been released by the AEC: “ Problems 
of Metallog: iphy and the Physics of 
Metals—Fourth Symposium” (AE(¢ 
tr-2924); describes work during 195] 
1952 in liquid metals, crystallization 
teel and alloys, determination of allo 
diffusion parameters with radioisotopes 
176 p., $2.20 “Quantum Electro 
namics Ai-C-tr-2876), by A. | 
Akhiezer and V. B. Berestetsky (549 
ol., $2.65 Theoretical Prin- 
ciple 5s ol Isotope \lethods for Investi 
gating Chemical Reactions’? (AEC-tr- 
2873), by 8S. Z. Roginsky (456 p 
“Table of Coulomb Phases 
and Amplitudes Taking into Account 
the Finite Nuclear Size” (AEC-tr- 
2875), by L. A. Sliv and B. A. Volehok 
21 p., 25¢ All-Union Conference 
on the Application of Radioactive and 
Stable Isotopes in the National Econ- 
omy and Science” and “ Abstracts of 
Papers, First All-Union Conference on 
Radiation Chemistry’ (AEC-tr-2925) 
summarizes two symposia he!d in 1957 
151 p., $2.20). “Project of a 420 Mw 
Atomic Electric Station” (AEC-tr- 
2941); contains basic project data on 
large industrial atomic electrical sta- 
tion now under construction as part 
of USSR’s sixth 5-year plan. (22 p., 
2h¢ Office of Technical Services, U.S. 
Department of Commerce, Washington 
6 D.C 
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NUCLEAR CAMPUS 


Reactors for Universities 


General Tire & Rubber Co. of Akron, 
parent concern of Aerojet-General! 
Corp., has donated an AGN-201 port- 
able training and research reactor to 
the University of Akron. The 100- 


milliwatt machine is to arrive on came | 


pus in time for Fall classes. AEC | 


issued licenses to acquire and operate 
AGN-201s to Akron and Utah Univer- 
sities, Colorado State College, Okla- 
homa A. & M. and Texas A. & M.; 
gave a construction permit to the Uni- 
versity of Virginia and an operating 
license to the University of Michigan, 
and granted an export license for a pool 
reactor for McMaster University in 
Hamilton, Ont . . Georgia’s Gov 
Marvin Griffin pledged $2.5-million of 
state funds toward a $4—5-million high- 
flux multipurpose research reactor de- 
signed for Georgia Institute of Tech- 
nology by Walter Zinn. This would 
be a modified CP-5 type designed for 
training and research in physics, engi- 
neering, biology, medicine and agricul- 
ture It would be located within 
metropolitan Atlanta. Georgia Tech 
already has a subcritical assembly and 
s starting to build a $0.5-million radio- 
sotope laboratory. . . On the other 
hand Clemson Univ. in South Carolina 
returned an AEC grant of $99,050 
NU, April ’57, 28) because of a stand- 
ird clause banning use of Federal funds 


in segregated institutions 
Courses 


Fundamentals of isotope medicine 
and applications of radioisotopes are 
being given by Isotope Research Labo- 
rator San Diego. Twenty-six lec- 
tures at weekly intervals: fee is $250. 
Write: IRL, 508 Medical-Dental Bldg 
233 A Street, San Diego 1, Calif. 
Radioisotope techniques for Latin 
American scientists offered at Univ. 
of Puerto Rico’s Radioisotope Tech- 
ques Training Center, patterned 
iufter ORINS special training division 
Courses are scheduled for: Nov. 4-29, 
957, and Jan. 6-31, March 3-28 and 
Ma ,- 30, 1958. Write: Director, 
Experimental Center in the Handling 
of Radioisotopes, Univ. of Puerto Rico 
Rio Piedras, Puerto Rico 
AEC’s Savannah River plant is offer- 
ing on-the-job training on a pilot basis 
to science and engineering students 
attending southern colleges and uni- 
versities. Students will work in their 
nuclear specialty as duPont employees 


for one semester 
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World’s First Atomic Merchant Ship 


... hazards and shielding studies by 
Walter Kidde Nuclear Laboratories 


: ¥ 


WKNL provides these 
nuclear services 


© Complete Nuclear 
Facilities Design 


Reactor Systems 
Design and Engineering 


Reactor Feasibility 
Studies 


Hazards and 
Shielding Studies 


Pilot Plant Design 
and Operation 


Heat Transfer and 
Fluid Flow Studies 


Radiochemistry and 
Hot Laboratory Services 


Consultants 


As consultants to the marine architects, Geo. 
G. Sharp, Inc., WKNL has just completed 
preliminary shielding and safety studies for 
the world’s first atomic merchant ship. 

Scheduled to glide out to sea sometime in 
1960, the A-ship’s reactor will be powerful 
enough to send her ten times around the world 
before refueling. 

WKNL investigated several aspects of nu- 
clear exposure hazards aboard the proposed 
A-ship; studied relative shielding efficiency of 
various materials in varying thicknesses. 

Hazards and shielding studies are but one 
of many services which WKNL is ready to 
provide in the field of nuclear application. 





For further information on any of the serv- 
ices listed here, write - 


WALTER KIDDE 


NUCLEAR LABORATORIES, 


inc. 975 Stewart Avenue 
Gorden City, L. 1., N.Y 
Pioneer 1-4350 


to industry in the nuclear field 








RADIATION INSTRUMENT CO. 


MERCURY PULSER 


Featuring Versatility and Precision 
MODEL 401 $1250 FOB PLANT 


SPECIFICALLY 
DESIGNED 
for the 
NUCLEAR 
PHYSICS 
LABORATORY 


FAST RISE AND EXPONENTIAL DECAY SIMULATES 
SCINTILLATION, PROPORTIONAL OR GEIGER COUN. 
TER PULSES FOR TEST AND CALIBRATION OF AMPLI- 
PIERS, PULSE HEIGHT ANALYZERS, SCALERS, ETC 


Rise time: iess than 0.003 microsecond. 

Decay time: selector 
microsecond RC decoy 

Pulse itude: 1 mV te | V in 10 steps (from 
internal supply) 

Provision for external battery for pulses up te 45 
Volts (continuously variable). 

Provisi for by external potentiometer 

Polarity switch permits selection of positive or nego 
five pulses. 

Output contains only pulses of desired polarity 

Latest improved Western Electric mercury reley 
Repetition rate 3600 ppm. 

Precision Resistors throughout for high accuracy and 

bility. 


switch fer 1, 10 eo 100 


ibrotl 





Stable mercury cell, protected by AC 
shelf life 


RADI ATION INSTRUMENT CO. 


?.0. BOX 733 SILVER SPRING, MARYLAND 


relay, lasts for 





LOW COST 

Scratch and chemical 
resistant, shatter 
TRANSPARENT PLASTIC 
RESEARCH SAFETY ENCLOSURES 
LABORATORY TEST HOODS 
GLOVE BOXES 

FUME HOODS 

DRY BOXES 


proof 


Illustrated Un 
hood; Nation-u 
square ait lock 
aluminum door me 
keting, patent pending 
recirculates air the 

to absorb humidity, Aft 
cating dessicant chang 

a half turn of the 
dessicant chamber 

ing air, while saturates 
simultaneously 


Used by leading laboratories 


CONTROLLED CATMOSPHERE 
LSAT Se STN 


@ Springfield Gardens 13 
New York @ LAuretton 8-781) 


5 


j 


res 


PRODUCTS AND MATERIALS 


RADIATION DETECTORS 


Monitor 
Model 740 lor 


¥ radiation, is also suitable for monitor 


detection of a, B and 


ing radiation sources and isotopes 
sattery operated, this unit is available 
covering 25-10,000 
t+10% of full 
Victoreen Instrument Co., 5806 


Hough Ave., Cleveland 3, Ohio 


in three models 


mr/hr Accuracy 18 


scale 


Chromatogram Scanner 


SC-55 chromatogram scanner is used to 
locate and measure radioactive parts of 


material separated chromatographi- 


cally. Scanner when used with strip 


chart recorder gives choice of eight 


paper speeds between 3 in./min and 





Products Index 


Radiation Detectors and 
Accessories 


Laboratory Instruments 
and Apparatus 


Radioactivity Materials 


and Apparatus 
Literature Available 


Industry Notes 











AND ACCESSORIES 


4 in./hr. Scanner works along with 
ratemeter 


1601 


detec tor 
Tracerlab 
Waltham 54 


sample changer 


Inc., 
Mass. 


ind recorder 


Trapelo Rd 





Carbon-14 Counter 
Viodel DR-11, a liquid phosphor scin- 


tiation counter for C'*, gives 80% 


efficiency Background is 


NRD 
Mo 


counting 


15-20 epm. Instrument Co 


St. Louis 19 


het tt 


ae 


Portable Meter 


l'ransitorized radiological survey meter 
to detect a and B particles 
Model 408 has three sensitivity ranges 


tor ust 


with maximum values of 0.5 mr/hr 


5.0 mr/hr, and 50 mr/hr. Unit oper- 
> 150 hr on two batteries.—Uni- 


lvester St.., Weat 


ites 
ersal Atomics, 36 S\ 
x, 


Dury 


Ratemeter 


Portable scaler-ratemeter takes up one- 
fourth the area of conventional units 
0.25 volt; 
Y, of full 
120,000 epm 
ratemeter’s response time is ~15 sec 


Unit 


Input puise sensitivity is 


meter accuracy is within +2 


cale; maximum rate is 
four-digit 


activates high-speed 


register displaying up to 1-million 


counts.—Nucleonic Corp. of America 


Brooklyn 31, N. ¥ 
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Army Packaged Power Reactor in operation at Fort Belvoir, Va. 


APPR-lL uses 


WESTINGHOUSE “Canned” Motor-Pumps 


To design a fool-proof atomic power generating plant for erection in remote, devastated 
or combat areas, ALCO PRODUCTS, INC. chose Westinghouse “‘canned’’ Motor- 
pumps for their proven reliability and minimum maintenance. 


In the APPR-1, these pumps handle 4,000 gpm of 1200 psia water at 450°F. through 
the primary circuit of this pressurized water reactor. Five years of use in 

similar systems under extreme loads made Westinghouse “‘canned”’ motor-pumps a 
standout choice for dependability and low maintenance requirements, both essential 
when operating under such adverse conditions. These, and the many other 
advantages of Westinghouse pumps, are available to you also. 


For complete information and capacities on “‘canned’’ motor-pumps, and other atomic 
equipment, contact your Westinghouse Sales Engineer or write 

Westinghouse Electric Corporation, P. O. Box 868, 3 Gateway Center, 

Pittsburgh 30, Pennsylvania. J-57016 


You CAN BE SURE...iF os Westi nghou Sse Swe 


——-WASTE DISPOSAL 








of RADIOACTIVE WASTES and 
DANGEROUS MATERIALS — 


Authorized by All Necessary 
Federal, State, and Local Authorities 


COMPLETE SEA DISPOSAL OF: 


* Radioactive Wastes * Explosives 

* Pyrophoric Materials * Contaminated Equipment 

* Poisonous Gases * Toxic Materials 

* Flammable Materials * Acids and Caustics 

Serving Industry and Government Since 1946 

PHONE OR WRITE FOR COMPLETE INFORMATION 
VISIT US AT THE ATOMFAIR—-BOOTH No. 145 


a 


MIRE MITULIES 


Y i MARINE DISPOSAL CORPORATION 


26T WHARF, BOSTON, MASS. 


LAfayette 3-4908 








MOVING? 


If you are moving (or have moved), tell us 
about it, won't you? Your copies of NUCLEON- 
ICS will not follow you unless we have your new 
address immediately. Make sure you don't 
miss a single important issue . . . and help us 
make the correction as speedily as possible by 


giving us your old address, too 


NUCLEONICS 


Circulation Dept. 


330 W. 42nd St., New York 36, N. Y. 











Automatic Air Sampler 


Unit takes air samples on predeter- 
mined time ecycle—12 consecutive air 
samples without operator attention 
Sampling is controlled by series of 
solenoid-valves connected to common 
acuum manifold Gelman Instru- 
ment Co., 233 Jefferson St., Chelsea, 
Mich 


Power supply. Model N-413 is de- 
signed especially for use with RCA 6810 
photomultiplier tube in supplying high- 
voltage power for scintillation counting 
or ionization-chamber work. Output 
ranges from <500 to 5,000 volts d-c; 
regulation is 0.005%; noise and ripple 
are held to 50 mv.—Hamner Elee 
tronics Co., PO Box 531, Princeton 


N.J 


Portable detector. Laboratory sur- 
vey meter operates for >150 hr with 
two |'4-volt flashlight cells. Unit has 
0.5-50.0 mr/hr range. Unit weighs 
344-lb.—Universal Atomics, 36 Syl 
vester St., Westbury, N. Y. 


LABORATORY INSTRUMENTS 
AND APPARATUS 


Test Chamber 


Model TC-4, a temperature test cham 
ber for ambient testing of products up 
to 600° F, has a product capacity of 
600 in rhermostat limits maximum 
temperature fluctuations to < 4° F 

Statham Development Corp., 12411 W 
Olympt Blvd Los Angeles 64, Calif 


Research Furnace 


Laboratory furnace for vacuum melting 
ol titanium, Zirconium vanadium 
columbium, tantalum and other metals 
that require controlled atmosphere 
melting. Furnace rectifier operates on 
1,000 amp continuous duty cycle using 
1440 volts, 3 phase 60 cycle power 
Unit can produce 2-6-in. dia ingots 
ranging in length up to 16 in.—Oregon 
Metallurgical Corp., Albany, Ore. 
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Flow Meter 


Model NZRP, a flow meter, meters cor- 
fluids; is composed of fibreglass- 

rced polyeste r plastic. Nozzles 
2—24 in. and are suitable up to 150 

g and 250° | 


subrat« d accuracy 


Nozzle also has un- 
within +1% of 
Builders-Providence 
445 Harris Ave., Providence, R. I 


flow rate 


Flow Meter 


FM 100 measures mass flow rates of 


flu n laminar flow Measuring ele- 
e Re parated from fluid by flow 
and thus are protected 

t chemical and mechanical at- 
Unit operates on principle of 
ring heat rate transfer through 
indary layer of a liquid or gas 
through a smooth bore flow 

Meter 


parts; it is a fully electronic 


operates without any 
Industrial Development Lab- 
Inc., 17 Pollock Ave 


N. J 


Jersey 


Disposable lon Exchanger 
lodel XP 15, 


15 in. in diameter, 40 in 


disposable ion ex- 
an use cation and anion 
ve, or mixed-bed demineral- 
Unit can handle flow of 7.5-10 

Shell designed to with 
100 psi max.—Permutit Co 


a \ 12 St New York 36, N. ¥ 


Demineralizer. Jon-exchange  pro- 
vater with resistance >1 meg 
Cation and anion resins mixed 

esin bed 1100 


regeneration; flow rate is 10 


Remove 8 


Dimensions: base, & in.” 
in Jarnstead Still & 
222 Lanesvill 


Vass 


eralizer Co 


Boston 31 


Model 12-100 


cope connected to unit to 


Mass spectrometer. 


pectrum to be viewed on 

tube ach mass spec 

ibout 15 psee to detect 

ire repeated every 500 

Resolving power clears mass 

200 imp range Accessories 

neluding one to be used for 

ent from 10 to <10 amp 

Aviation Corp PO Box 
Mich 


letroit 35 


Model CILC-100 de- 


read and degas any 


onization gage. 
to control 
ymmercially available ioniza- 

This 


continuous pressure read- 


ionization vacuum 


eight linear ranges from1 * 10° 
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International 


Geophysical 


Year Counters 


N. WOOD Neutron and 
Cosmic Ray Counters 


are manufactured with such care and precision that they have been selected for 
1G; Y research work all over the world. The G-15-34-A shown above was developed 
in cooperation with scientists at the Enrico Fermi Institute for Nuclear Studi 

and has been sent to research groups not only in the United States, but in France 
West Germany, Norway, Sweden, the Netherlands, Argentina, Switzerland, Italy 
India, Australia, New Zealand, and elsewhere 


The counters are 1446" in diameter and have an active length of 34 Dhey oper 
ate at approximately 1900 volts and have plateaus 300 volts long with @ slope of 
1% per 100 volt They are so carefully made that backgrounds are less than one 
count per minute, making them suitable for detecting the very small 
which are so significant in cosmic ray research, These counters are kept in stock 


for immediate delivery 


variations 


of gamma counters we have also added our D-20-40-A which 
is 2 active length. It is filled to operate in the proportional 
region at approximately 2200 volts. [t also has a long flat plateau. Both of these 
counters can be relied upon to have a very long life and to keep their good char 


lo our comple te line 


in diameter with 40 


acteristics almost indefinitely 


Write for literature 


; Fe J a ’ 2 iz 
N 5: ‘Wood ( OuUNTEe) Labor a 
RADIOACTIVITY DETECTORS 

CHICAGO 15, ILLINOIS, Tel. FAirfax 4-1114 


1525 E. 53rd St., 











For Measuring 
RADIOACTIVE 
EMISSIONS 


6.3 6.3 « 3.5 cm 


LINDEMANN -RYERSON 
ELECTROMETER 


Was first used for photo-electric meas 
urements. Is now used in conjunction 
with ionization chambers for the de 
termination of emission 
Compact, sturdy, high sensitivity, stable 
zero and requires no leveling. Capaci 
tance is about 3 cm. Includes improve 
ments developed by the Ryerson Lab 
oratory. 


Weight 0.17 kg 


radioactive 


PRECISION IONIZATION METER (Failla 
Design) 
A complete instrument for null 
methods of radioactivity meas 
vrements background 
radiation effects must be elim 
inated. 


where 


PORTABLE 
Projection Viewer 
for Lindemann 
Ryerson 


Electrometer 


GAMMA RAY POCKET DOSIMETER 


is @ personnel monitoring instru 
ment to measure cumulative ex 
posure to gamma or x-rays over 
a given period 
ionization chamber, a 
fiber electrometer and 
system 


Contains an 
quartz 
viewing 


A.C. operated power unit to supply all 
voltages necessary for calibration and 
control of the Lindemann-Ryerson Elec- 
trometer. 


Send for complete information 


CAMBRIDGE INSTRUMENT CO., INC 
Pioneer Manufacturers of Precision Instruments 
3527 Grand Central Terminal 
New York 17, N. Y 








to 2 K 10'*mm Hg. Emission control 
is variable over continuous linear range 
from 254 to 20 ma, and is regulated 
Consoli- 
1775 


oe £ 


throughout range to +2%. 
dated Electrodynamics Corp., 
Mt. Read Blvd., Rochester 3, 


Molded laboratory beakers 
250, 500 and L000 ce 
are chemically inert up to 500° F except 


Beakers. 
in three sizes 


for molten alkali metals, fluorine and 
Beakers, 
made of Teflane compound, are un- 
affected by 


certain fluorine compounds 


most oxidizing agents. 


Roseland, N. J 


tesistoflex Corp 


Correction 

t0.5% not 

D7, 113. 
Union, 


Accuracy for flowmeter is 
5% as reported in NU, Aug. 
Potter 

N.J 


Aeronautical Corp., 


RADIOACTIVITY MATERIALS 
AND APPARATUS 


Plastic Shielding 


tesin #341, a lead-filled epoxy formula- 
tion, can be furnished in lead loadings 
to 95% by weight, and used as radio- 
Compound can be 
Marblette 
Island 


active shielding. 
cast in 
Corp., 37-31 
City 1, N. ¥ 


intricate shapes 
30th St 


Long 


polo 


sources. Multicuri« 
neutron 


Neutron 
nium-beryllium sources are 


available with outputs of ~10° n 


S04 Isotopes Specialties Co., 703 8 


Main St., Burbank, Calif 


Leak detector. High-temperature 


1,500° FF) tapes, consisting of two 


stranded wires covered with rein 
forced ceramic fibre, can be wrapped 
around pipes carrying radioactive fluids 
When leak oce urs, short circuit causes 
Russell Mfg. Co., 336 EF 


Middletown, Conn 


an alarm 


\iain St 


Plastic laminiate. Material can lin 


reactors, fume hoods and ducts It 
has zero moisture absorption, is im 
pervious to all chemicals, alkalies, and 
most solvents, and is suitable at tem 
peratures from 100° F to 350° F 


U.S. Gasket Co., Camden 1, N. J 


LITERATURE AVAILABLE 


Boral for neutron shielding, with de- 
scription of this boron carbide and 


Brooks & Perk- 
Detroit 16 


aluminum material. 


ins, Inc., 1950 W. Fort St 


see FoRsi@ arse for 


a comprehensive, integrated 
service for development of 
peaceful uses of atomic en- 
ergy including: 





reactor 
specifications 
and design 


shielding 
design 





health 
physics 


general advice 
and training 








nuclear 
facilities 
planning 


radiation 
chemistry 





physics economic surveys 
engineering | and studies 











evaluation and reports 
on reactor safety 








cee you at the ATOMFAIR 
booth 331 New York Coliseum 
P.O. BOX 163 


MILFORD, CONN. 
Tel. TRinity 4-6788 











A copy of this quick-read- 
ing, 8-page booklet is yours 
for the asking. It contains 
many facts on the benefits 
derived from your business 
paper and tips on how to 
read more profitably. Write 
for the “WHY and HOW 
booklet.” 
eeeeeoeeeeeees 


McGraw-Hill Publishing Com- 
pany, Room 2710, 330 West 
42nd St., New York 36, N. Y. 


October, 1957 - NUCLEONICS 





Meters for measuring and controlling 
liquids described in catalog 54-766-38 
Hays Corp., Michigan City, Ind 


Electromechanical breadboard parts 
with parts needed for assembling gear 
trains and servomechanisms. 24 p.- 
Beckman/Helipot Corp., Newport 
Beach, Calif. 


Infrared-sensitive lead sulfide photo- 
onductors for detection and guidance 
ystems. 7 p.—Electronics Corp. of 
\merica, 1 Memorial Drive, Cambridge 
12, Mass 


Determining corrosion rates with line- 
operated and portable battery-operated 


units. 16 p.—Labline, Inc., 3072-82 | 


W. Grand Ave., Chicago 22, Ill 


High-purity demineralized water pro- 

luced by ion-exchange method with 

new type, all-plastic unit.—Enley 

Products, Inec., 1236 Broadway, Brook- 
yn 21, N. Y. 


Zinc bromide shielding windows for | 
radiation facilities—Marfre Mfg. Co., 


156 W. Washington St., West Chicago, 
I}] 


High resistance to corrosion using 
ceramic materials in bulletin CHE-R6. 
15 p.-General Ceramics Corp., Keas- 
bey, N. J. 


Glassed centrifugal pump for handling 
corrosive liquids in bulletin 725.2. 11 
p.--Goulds Pumps, Inc., Seneca Falls, 


N. 3 


Current and voltage pulse amplitudes, 
pulse durations and rise time with new 


alibrator.—Burroughs Corp., 1209 | 


Vine St., Philadelphia 7, Pa 


Canned pumps for handling radioactive 
ind volatile fluids. 7 p.—-Corley Co 
103 E. Main St., Plainville, Conn 


Radiochemical schedule C for C'*, S** 
ind P*? also has discount rates and de- 
livery information.—-Nuclear-Chicago 


Corp., 223 W. Erie St., Chicago 10, Il. | 


Controls and instruments for measuring 
flow, pressure, temperature, ete. 12 p. 
Hays Corp., Michigan City, Ind. 


Rare earth oxides and salts price list. 
Research Chemicals, Inc., PO Box 
131, Burbank, Calif 


High-pressure items, both standard 
ind custom-built, with details on reac- 
tion vessels, superpressure valves, tub 
ng and fittings, etc. in catalog 407. 
125 p.—American Instrument Co., 
8030 Georgia Ave., Silver Spring, Md. 
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U.S. RADIUM 


RADIATION AND LIGHT SOURCES 
TAILORED TO YOUR SPECIFICATIONS 


SOOPER EEE EEEEEE EEE EERE EEEEEEEEEEHEEEEEEEEE HEHEHE EEE HEHEHE EEO ES 


Custom light sources and 
source holders for process 
control instrumentation 
Sources feature selective 
spectral emission, long 
stable life, utilizing either 
solid or gaseous beta 
emitters. Minimal extra- 
neous radiation 


COOH EEE EEE EEEEEHEEHE HEHEHE OD 


Extended gamma sources 
utilizing active foil for 
extreme uniformity of 
emission along source 
axis; for liquid level and 
interface gauges, incorpo- 
rates either Ra, Co®?, 
Cs!*4, Cs!37, Fy!52, 


Beta gauge sources for 
thin stock; many configur- 
ations, intensities, ener- 
gies. Low energy sources 
incorporate Mylar or mica 
windows, contain Kr*, 
T1204, H8, C14, Ni63, Pmi47, 
Sr, 


SECO EERE EE EEE EE OEE 
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Neutron sources for reac- 
tor startup, activation and 
H-content analysis, bore 
hole logging. Total emis 
sion from 2.5(10°) 2.5 
(10") n/sec. Provision for 
magnetic handling; cal 
ibration (+ 15% to NBS 
standard) optional 


High brightness obstruc- 
tion markers, backlighted 
exit signs, and mainte- 
nance-free signal lamps 
all utilizing long-lived non- 
toxic beta-emitters, Re- 
flector prototype (illus- 
trated) designed to your 
spec. Brightness to 1000 
ul. Visibility to 500 yds. 


Gamma source, general 27 
emission design for gaug- 
ing, radiography, irradia- 
tion 

Intensity: from uc. range 


to 300 millicuries. Co®’, 
Cs!34, Ra, Eu!®?, 
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Thin-walled gas-filled 
gauge sources provide 
highly uniform beta emis 
sion over entire length - 

for scanning wide stock 
Broad range of intensities, 
utilizing non-toxic H®, Kr*” 


Stable, sealed light 
sources for photometric 
reference, instrumenta- 
tion, process control, Se- 
lective spectrum, bright- 
ness from <<1—1000 yl. 
Calibration optional. 
Shielded, Utilizing H°, 
Kr*5, Ci4, Sr”, 

U. $. Radium will consult on design of sources Visit Booth 77, ATOMFAIR "57 

fo meet your specifications. Write Department F-10 N.Y. Coliseum, October 28-3! 


UNITED STATES RADIUM CORPORATION 
Morristown, New Jersey (az (Sie 


5942 W. Chicago Ave., Affiliates 
Chicago 51, lilinois CANADA: Radelin-Kirk Ltd., 1168 Bay St., Toronto, Ont. 
5420 Vineland Ave EUROPE; United States Radium Corporation (Europe) 

North Hellywood, California 36 Avenue Krieg, Geneva, Switzer! 
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Beta source, general man- 
ual-handling design, mini- 
mal extraneous radiation. 
Excellent thin-window de- 
sign for low-energy betas: 
Nie, H®, C14, Pri 47, 
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This illustration is an ¢ entic engra f a chemistry laboratory in Holland in the 
1600's, The chemist wa / f mula of changing base metals into gold, or for 
the hey y | eternal youth ur fre f ”) this reproduction, write on your 
letterhead stating your name « 


PROPER ENGINEERING AND PLANNING 
can save Jime ann Space / 


Many basic ideas have evolved from ancient laboratories. These 
ideas are a bridge to current scientific developments. Now, modern 
science requires the forward planning which is fundamental to the 
METALAB approach to today’s laboratories. 


The size of your laboratory facilities need not limit your product 
development. By utilizing modular planning techniques, advanced 
manufacturing methods, and improved materials, METALAB 
produces outstanding equipment at an economical cost. 


Let METALAB advise you how to plan your laboratory for present 
needs, with provisions for future use; without any obligation on 
your part. For further information and catalog, fill out and mail 
the coupon below! 


*A modern Metalab installa 


METALAB 
OFFERS 

THE RESEARCH 

LABORATORY 


Vv ECONOMICAL 
v ADAPTABLE 
Vv FUNCTIONAL 
¥ QUALITY 


EQUIPMENT 


B Cgugoment Company 


NORBUT &E i 


282 Duffy Avenue, Hicksville, L.1., New York 


We are interested in your plo na service 


Please send us your Supplement 55-/ Please send us your 180-page Catalog 48 


Title 


City Zone State 
anpep@e-e ee were — — =e re eee ES SS ee me ee me ee eee eee eee 


Please visit us in Booth 162 at Trade Fair of Atomic Industry-—-N.Y, Collseum—Oct, 28-31, 1957. 
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Sonic gas analyzer’s principles and 
operations in bulletin 175.—National 
Instrument Laboratories, Inc., 610% 
Rhode Island Ave., Riverdale, Md 


‘Nuclear News,’’ describes firm’s nu 
clear activities, besides commenting o1 
points of scientific interest.—-Cook 
Kleetric Co., 2700 Southport Ave 

Chi “ago, Ill. 


Submicroscopic sieves that provice 
filtration for analysis and purification 


| of liquids and gases. 16 p.—Millipore 


Filter Corp., 36 Pleasant St., Water 


town 72, Mass. 


“Bibliography on Analytical Flame 
Spectroscopy”’ contains more than 900 
relere neces arranged chronologically and 
alphabetically by author. Reprint 
R-100.—Scientific Instruments Divi- 
sion, Beckman Instruments, Inc., Fu 


lerton, Calif 


High-vacuum valves are described wit! 
requirements imposed by severe corro 
sion, high temperature, vibration, et 
in 32 p.—NRC Equipment Corp 
160 Charlemont St., Newton Highlands 
61, Ma 


Kentanium, a leat resistant carbice 
presented in bulletin B-444. Parts of 
simple and complex shapes are shown 
besides physical properties 3 different 
compositions Kennametal, Inc 
Latrobe, Pa 


‘More Zr Facts,"’ publishe d bimonth 
to discuss progress in Zr technology 


Carborundum Metals Co., Akron, N. ¥ 


Electronic control and measurement in 
struments in catalog B. 24 p.—Keith 
ley Instruments, Ine 12.415 Euelid 
Ay Cleveland 6, Ohio 


Products and capabilities of firm that 
designs and manufactures custom mag 
netic components. 12 p.—Servomech 
inisms, Inc., OOO W. El Segundo Blvd 
Hawthorne, Calif 


Radioactive waste services with chart 
on maximum permissible average cok 
centrations of radioactive materials in 

ind water Nucles Science & 


Corp tox 10.90] 


ering 


Environmental analyses and bioussa 
‘ Radiation Detection Co., 4047 


iunsport St., Palo Alto, Calif 


Resistant alloys, abrasion-resistant mia 
terials and other alloys for severe prov 
sing onditions noted in catalog 
Shieldalloy Corp Newfield 
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INDUSTRY NOTES 


P Atomic Associates, Inc. has added 
the following to its sales staff: William 
Rivkin, Pittsburgh; John Meny, Dallas, 
lex.; A. Bruce Edwards, Philadelphia; 
ind Alex Meshbane, New York City 


& Standard Pressed Steel Co. has set 
ip Precision Stud Division, Jenkin- 
own, Pa. to manufacture and market 
arge-diameter fasteners for nuclear re- 
ictors. Joseph P. Villo 1s manager; 
Harold Hafer, Sr. is sales engineer and 
Walter Hambrecht is manufacturing 


Supervisor 


P Victoreen Instrument Co. has made 
Joseph M. Johnston manufacturing 
president. He had been operation 
iperintendent of both the instruments 


omponents divisions 


PTracerlab’s western division has 
Paul Byrne as its new sales manager 


P Norton Co. has reorganized its re- 
fractories division, with Frank B. 
Huke becoming manager of atomic 
product sales and George H. Powers 


imed distribution manager 


P Research Specialties Co., Kerkeley 
Calif., manufacturers of radiochemicals 
has purchased all assets of Cal-Rad 
Laboratories, Los Angeles. Cal-Rad’s 
facilitie have been transferred to 
Ber 


P Leeds & Northrup Co. has formed a | 


owned Canadian subsidiary 


Leeds & Northrup, Canada, Ltd., to | 


ifacture and market controls and 
ient formerly handled by the 
rent company Headquarters at 61 
istry St., Toronto, L & N, Canada 
eaded by J. William Robinson 


P Laboratory for Electronics, Inc. 
I to has appointed J Vanes Holdam 


Jy 1s Operations ree president 


P Flexonics Corp., Maywood, Ill., has 
rmed an atomic division to specialize 
nufacturing configured tubing 


e tubing, expansion joints, et 


P Ray Proof Corp., manufacturers of 
liation shielding materials and equip- 

is moved from its New York 

to larger facilities at 843 Canal 


ford. Conn 


P Electronics, Inc., Boston, has ap- 
pointed Edwin D. Campbell vice- 
nt for administration. He will] 


t firm’s non technical activities 
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YOURS 
for 
the 

ASKING 


A copy of this quick-reading, 8-page booklet is 
yours for the asking. It contains many facts on the 
benefits derived from your business paper and 
tips on how to read more profitably. Write for the 
“WHY and HOW booklet." 


McGraw-Hill Publishing Company, Room 2710, 330 West 
42nd St., New York 36, N. Y. 








INEWSMAKERS 


LOCKED 


DOORS 
with 
answers 
for your 


DECONTAMINATION@ 


Whether it’s the removal of 
hot spills from floors, the 
decontamination of hot cells, 
or the simultaneous removing 
of scale and radioactive con 
tamination from reactor heat 
exchangers, chances are you'll 
find the answer to your decon 
tamination requirements in 
the complete Turco line. Turco 
manufactures tested and 
approved chemical compounds 
and equipment for cleaning 
and decontamination of all 
types of equipment in atomic 
energy plants. Turco decon 
tamination compounds and 
equipment are currently being 
used to clean and remove 
radioactive contamination from 
the following equipment 


@ CLOTHING AND SHOES 

e BUILDINGS 

@ LABORATORY EQUIPMENT 
e TOOLS 

@ STORAGE TANKS 

e REACTORS 


For more complete 
information, see page 106 
of the June, 1957, issue 
of Nucleonics or write for 
full technical information 


TURCO PRODUCTS, INC. 


Chemical Processing Compounds 
6135 Se. Central Ave., Los Angeles |, Calif 


FACTORIES: 

NEWARK, CHICAGO, HOUSTON, LOS ANGELES 
LONDON, ROTTERDAM, SYOMEY, MExI cK Ty 
HAMBURG, PARIS, MONTREAL, HAHA lOKiNAwa) 


MANUFACTURED IN CANADA BY GB. W. DEANE 4 ) MONTREA 


OFFICES IN ALL PRINCIPAL CITIES 


Charles A. Keller was named director 
division, at AEC’s Oak 
Walter C. Youngs, 
Jr. was transferred from chief of opera- 
the 
manager of 


production 
tidge Operations. 
Portsmouth facilities to 
the Kansas City 
Robert Thalgott succeeds 


tions at 
Opera- 
tions office 


Youngs 


Nuclear Corp. of America has elected 
John F. Thompson, Jr. a 
dent. He the 
Engelhard Industries nu 


vice-presi- 


heads parent com 
pany 8 


clear department 


J. L. Meem, Jr., who us 
scientist for 
Products 


chiel reactor 
Alco 
played a 
major part in r 
alizing the Army 
Package Power Re 
actor, has resigned 
to become professor 
of nuclear engineer 
ing and director of 
the reactor facility 
to be built at the 
of Virginia (see p. 31) VMeem 


who joined Alco in 1955, had previously 


[ niv. 


been in charge of Oak Ridge National 
Laboratory’s pioneer swimming pool 
From 1940 to 1950 he 
with the National Advisory Committee 


reactor. was 


on Aeronautics. 


Raymond R. Edwards, AC’s a 
director, technical, in the division of 
will be 
this month to the Univ. of Arkansas as 


sistant 


international affairs, returning 


chemistry department chairman 


Joseph J. Brady, assistant director of 
public information at the National In 
Board has hes uh 


dustrial Conference 


promoted to director 


Merlin D, Peterson, professor of chem 
Vanderbilt 
Oak 
Nuclear Studies 
head of 
built at 
Industrial Laboratories In 


and board 


Institute of 


try at Univ 


member of Ridge 
has resigned to be 
the reactor laboratory 
Plainsboro, N. J., by 


Columbia 


Comme 
1 ing 


Univ. will operate the lab for IRL, a 


ten-company group (NU Oct. 56. RS 
John Hogerton has left Vitro Engineer 
where he had been assistant 


to join A. D. Little as 


ne ( orp., 
to the president 
i management consultant for nuclear 


itters 


John MacPhee lias left 


oundry to 


Anne rican \l i 


hine and | enter privat 





practice of nuclear engineering witb at 


office in Norwalk, Conn 


Stanford Research Institute 
pointed Ralph L. Clark manager of its 
Washington, D. C 


George T. Hayes, now assistant dire 


has up 


ofhce succeeding 


tor of physical research at 
SRI’s Menlo Park, Calif 


Also, Edwin M. Kinderman was named 


SCICHCOCSsS 


headquarters 


assistant manager of the nuclear engi 
neering section. 


American-Standard’s atomic 
division has named David P. Herron di 


rector of engineering. 


energ\ 


Formerly man 


ager of reactor engineering, he now 
heads all engineering and manufactur 
ing activities of the division 

Argonne National Laboratory has 
named Albert A. Schulke to its chem 


istry division staff 


seryilium Corp. has appointed William 
H. Santschi associate director of fabri 
cation metallurgy research and Ken- 
neth B. Higbie to associate director of! 
and 


process and extractive chemistry 


metallurgy research 


Stanislaw Ulam has been appointed a 
research advisor at Los Alamos Scien- 
tific Laboratory 

Phillips Petroleum (C« has 
Donald W. Rhodes as a 


leader in its 


named 
new process 


group atomic energ, 


division 


Ralph M. Wefel has joined Ralph M 
Parson 


stall 


Co.’s nuclear facility project 
He was previously with Atomics 


International 


Gaylord W. Newton has 


civilian 


been ap 


pointed a aeronautics con 
sultant to the technical advisory pane! 
on aeronautics of the Department of 
Defense 


plications engineering for General Ele« 


Newton is manager of ap 


trie’s aircraft nuclear propulsion depart 
Ohio. Vance R. 
Cooper has been appointed research 
Gh’ 
chemical processing department at the 
Hanford 
R. B. Richards, who is transferring to 
Calif 


ager of engineering for the atomic prod 


ment, Evendale 


ind engineering manager tor 


Laboratories He succeeds 


San Jose where he will be man 


ucts equipment department 


Litth 


Ss Chan 


Michael Michaelis, Arthur D 


In vas appointed to the U 
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[| Commerce s committee on com- 


rcial uses of atomic energy. 


Alfred Iddles, retired president of 
Babeo k & Wilcox and president of the | 
Ator Industrial Forum, will receive | 


Medal 


American Society 


George Westinghouse in 
ember from the 


4 f ( hank al | ngineers 


David F. Shaw, AEC assistant general 
anager for manufacturing since 1955 
has joined Kaiser Iengineers as & VICe- 
president. Shaw, who had been asso- 
iated with the atomic energy program 
or ll chief 


security officer of the Manhattan Engi- 


years, was prev iously 


er District and deputy manager and 
manager of the Hanford Operations | 
Offices As assistant general manager, 
Shaw supervised AEC raw materials 

al nuclear materials production 


nstruction and supply activities 


AEC has transferred R. L. Southwick, 
information officer in its Wash- 

ngton headquarters, to the San Fran- 
» Operations Office where he fills 


1 newly created information post. 


John J. Flaherty has joined Atomics 
International as assistant to the gen- | 
anager Flaherty, who had been 
ger of AEC’s Chicago Operations 
1954 
er of the 
Offies 


nee had also served 4S 
San Francisco Oper- 


Man- | 
tan Engineer District in 1943 as a 


He joined the 


nnel and labor-relations officer 


Federal Martime Board and Martime 
(ministration Charles R. 


Denison to be coordinator of research. 
H 


named 


supervise the nuclear propul- 


program 





Willard F. Libby, AEX 
this 
for 


commissioner, | 
| 
the 


on 


be honored month by 
n Institute 


warbon dating 


his work 


53, director of 


Arthur 
Argonm 


H. Barnes, 

National re- 
engineering division since 1954 
n Sept. S&S of a heart attack 
s, who joined the ANL staff in 
s a senior physicist, played a key 


Laboratory's 


designing and developing 


Ar nne s series ol reactors. 


developer of AEC’s 
nsurance program, died Sept. 8 

rebral hemorrhage. Lamke, 49, 
ned AEC in 1951, had been in 
of the 
last 


Edwin A. Lamke, 


declassification program 
March headed the in- 


ty section, 
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During the past 5 years, the proven performance of the EKCO Model 1079-C Vibrat- 
ing Reed Electrometer has made it preferred by actual users, both here and abroad. 


Low in cost, compact, rugged and easily serviced; its high, full-scale sensitivity and 
inherent stability makes the EKCO Model 1079-C ideal for all applications involving 


small current and voltage measurements. 


STABILITY...... 
SENSITIVITY: 
RANGES: 
INPUT: 
OUTPUT: 


coon 2 1 my, day-to-day 
0.03 ya full-scale reading @ max 
0-30, 0-100, 0-300, 0-1000 mv. 
internal, switch-controlled, 10*, 10'”, 10'* ohm resistors 
ceveeOperates with 1 ma or 100 mv recorder 
POWER: ve 110/120 or 200/250 v, 40/60 cps, 40 w 
WEIGHT Only 29 Ibs., complete with cables 


Write TODAY for Bulletin L-572 for complete date 


AMERICAN TRADAIR CORP. 


34-01 30th Street, Long Island City 6, N. Y. * Dept. 1° 
U.S. SALES & SERVICE for 


EKCO ELECTRONICS, LTD., Essex England 





DOMESTIC & WORLDWIDE 


Film Badge Service 


ACCURATE 
RAPID 
ECONOMICAL 


48 


HOUR 
For BETA, GAMMA, X-RAYS; NEUTRONS (1 week) 


Clip-on, wrist 


or ring syle 
We don't keep you waiting! You're entitled to—ond you get 
matter where you ore located; U.S., North America, overseas 
exposed films to Accurate exposure reports are 
is received U.S. users who airmail film to ws 
clients | week Ten-to-one, that's better service than you ore 


speedy service no 
Just airmail your feather. weight 
us airmailed back within 48 hours ofter film 


receive reports within 4 to 5 days, foreign 


within now getting 
Our 5-filter system assures highest o 
Records are permanent and legal 


In film bodee service reliability too 
of energies and exposures 


20 


counts, 
over a wide 


Ask for 


range 


Bulletin Let us quote on your particular needs Our tow prices will surprise you 


Instruments for 
Research, Medicine 
Education, industry 

Prospecting 


PNG AS NUCLEONIC Corp. of America 


Catalog jon request 196 De graw S?1 Brooklyn 2 N.Y 











FOR PRODUCT INFORMATION 
IN THE NUCLEAR INDUSTRY 
TURN TO THE... 


NUCLEONICS 


BUYERS’ GUIDE 
(IN THE NOVEMBER ISSUE) 


A McGRAW-HILL PUBLICATION 
330 WEST 42ND STREET, NEW YORK 36, N. Y. 














“LINDE” M.S.C. rare gases are the purest obtainable 


Trade. Mark 


“brevets 


¢ Helium ¢ Argon 
* Neon ¢ Krypton 
¢ Xenon 


LINDE rare gases are produced under continuous mass spectrometer 
control to assure you of gases of known purity and consistently high quality. 
They are stocked at convenient locations throughout the country in glass 
bulbs and steel cylinders. LinpE, the world’s largest producer of gases from 
the atmosphere, offers the services of its technicians and engineers to all 
of its customers on their rare gas problems. 

Write for the booklet, ““‘LinpE Rare Gases’’ which contains information 


on the physical, chemical, and electrical properties of these gases. 


Linde Company 
Division of Union Carbide Corporation 
IO East 42nd Street (Ves) New York 17, N. ¥ 


In Canada nde Company, Division of 
Unior t de anada Limited, Toronto 


The term “Linde” is a registered trade-mark of Union Carbide Corporation. 





Complete ALUMINUM 
Line of COPPER 


STAINLESS STEEL 
NICKEL PLATED 


FOR COUNTING RADIOACTIVE SAMPLES 


HIGH QUALITY « LOWEST COST 
VARIOUS SIZES « IMMEDIATE DELIVERY 


Can Be Made to Your Own Specifications FLAT 
Samples on Request CUPPED 


RIMLESS CUPPED 








Instruments for Research, Medicine, Education, industry, Prospecting 


INC AS NUCLEONIC CORP. of AMERICA 
196 Degraw St., Brooklyn 31. N.Y. 


ATOMFAIR 1997 


BOOTHS 175-176, 193-194 


American-Stardard 


Ye mew ie ie © ENERGY DIVISION 


e CAt 


NUCLEAR’ CALENDAR 


Oct. 21-23-—National Power Conference 
on technical developments in power 
generation, American Society of Me- 
chanical Engineers in Allentown, Pa 
Americus Nuclear power discussed 
2:00 p.m., last day Contact L. 8 
Dennegar, ASME, 29 West 39 St., 
New York 18 


Oct. 25-30-—Atomic energy exhibit at 
Union College, Schenectady, N. \Y 
to include ‘‘ Atoms for Peace’’ exhibit 
and opening day address by Lewis L 


Strauss 


Oct. 26-Nov. 1—Autumn Nuclear Week 
in New York. Included are: 28—30th, 
fourth annual meeting of the Atomic 
Industrial Forum (meetings Plaza and 
Coliseum; banquet Waldorf). 28 
31st, third annual Trade Fair of the 
Atomic Industry, sponsored by AIF 
Coliseum). 28-30th second winter 
meeting of the American Nuclear 
Society (Henry Hudson). 3\st, AEC- 
ANS-AIF reactor safety conference 
And IRE’s Professional Group on 
Nuclear Science holds fourth annual 
meeting 31—1st (Henry Hudson). 


Nov. 2-8—Second world metallurgical 
congress, American Society for Metals, 
Chicago. Contact W. H. Eisenman, 
congresa secretary general, ASM, 
Cleveland. 3-8th, second interna- 
tional conference on nondestructive 
testing. Contact G. H. Tenney, 704 
47th St., Los Alamos, N. M. 


Nov. 4-6—Unclassified meeting on role 
of analytical chemistry in nuclear re 
actor technology, Oak Ridge National 
Laboratory, Gatlinburg, Tenn Con- 
tact D. D. Cowen, ORNL, PO Box X, 
Oak Ridge, Tenn 


Nov. 6-8 Annual symposium on appl 
cations of radioactivity in petroleum 
exploration and production, sponsored 
by Tracerlab, Inc., Houston (Sham 
rock Papers to be given include 
Progress in industrial isotope uses 
Determination of U, Th and K con 
tent of shales by gamma spectroscopy ; 
Determination of fluid saturation in 
porous media Transitorized small 
diameter logging probe; Field radio- 
tracer tests tadioactive tracers uses 
in hydraulic fracturing Isotopes in 
locating materials; Performance of 

particulate type tracers tadioactive 

tracers applied in production prob 
lems; Oil field applications of par 
ticulate tracer Tracers applied to 
down-hole studies; Safety in handling 
radioisotopes; Concep ual fundamen- 
tals of neutron logging; Radioactive 
well logging research; Radiation well 
logging; Water projection studies with 
radioactive tracers; Future potential 
of radiation logging; SO. monitor for 
air pollution and process control, Con 
tact Tracerlab, Inc., 1601 Trapelo Rd., 
Waltham, Mass 


Nov. 7-8—Seventh annual symposium, 
Philadelphia section of Instrument 
Society of America, Philadelphia 
Sheraton). Subject: new ideas in 
instrumentation evolved from nuclear 
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WHERE 
TO Buy 


Featuring additional products, 


specialties and services for 


Nuclear Engi- 
neering & Applied Radiation 


Atomic Power, 














URINALYSIS SERVICE 


NSEC laboratories are staffed and equipped to 
perform routine and emergency urinalysis for: 
* Total uranium * Polonium 
* Enriched uranium ©* Fission products 
* Plutonium * Gross activities 
* Other radioactive isotopes 


Nuclear Seionce and Enguneering Comp. 


Subsidiary of Norden-Ketay Corporation 
P.O. Box 10901, Pittsburgh 36, Penna. 








GLOVES 


Bellows accordion type or straight sleeve neo- 
prene, lead rubber or surgeon rubber ; 
complete “O” ring systems for Geld assembly. 
IMMEDIATE DELIVERY 
P. M. Leamerd Ce., Inc. 
1 Hansen Place, Brooklyn 17, N. Y. 
Phone Sterling 9-2420 








RARE EARTHS 


Highest purity compounds for 
fundamental research in physics and 


chemistry 


Write for information 
of rare earth compounds, 


The Gows Chemical Co., Inc. 
P.O. Box 443, Laramie, Wyoming 








Larger Sizes Now Available 


Hi-D® LEAD GLASS WINDOWS 
For use in steel, lead, and concrete walls 
Send for Circular GS-4 


PENBERTHY INSTRUMENT CO. 
420! 6th AVE. SOUTH « SEATTLE 8, WASH. 











DRY BOXES 
GLOVE BOXES 


atmosphere controls of stainless stee! 
transparent plastic Custom metal and 
fabrication P. M. Lennard Ce., Inc. 
1 Hanson Place, Brooklyn 17, N. Y. 
Phone Sterling 9-2420 


with 
and 
plastic 











THE MOST EXPERIENCED 


FILM BADGE SERVICE 
ST. JOHN X-RAY LABORATORY 
CALIFON, NEW JERSEY 
Established 1925 
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Instruments Fair in- 
Warren Brand, 
2100 Arch S8t., 


developments 
cluded. Contact 
Conoflow Corp., 
Philadelphia 3 


Nov. 14-16—Lega! of atomic 
energy to acquaint lawyers in west with 
current developments, Univ. of Calif., 
Berkeley UC Extension 
Office of Conferences and Special Ac- 
tivities, 2441 Bancroft Way, Berkeley 


aspects 


Contact 


Nov.18 —20, 19-21 Eleventh and twelfth 
atomic energy course on industrial uses 
of radioisotopes, National 
Conference Board, Rye, N. Y. 
chester Country Club Fee $285 
tact John J. McMahon, 
Park Ave., New York 22 


(Weat- 
Con- 


Dec. 1-6—Annual meeting, American 
Society of Mechanical Engineers, New 
York Statler, McAlpin). Special 
sessions devoted to energy 
and mechanical engineers’ part in it 
Contact L. 8. Dennegar, ASME, 29 
West 39 St., New York 18 


nuclear 


Institute of 
annual meeting, 
Hilton Contact 
New York 36 


American 
Engineers, 
(Conrad 


Dec. 8-11 
Chemical 
Chicago 
AIChE, 25 West 45 St 

Dec. 24-26—Conference on nuclear sizes 
and density distribution, National 
Science Foundation, Palo Alto, Calif 
Contact Robert Hofstadter, Stanford 

Univ., Palo Alto 


for 
annual 


26-31 


Advancement 


American Association 
the ot 
meeting, Indianapolis 
R. L. Taylor, AAAS, 
chusetts Ave NW, 
Dc 


Dec. 
Science, 
Ind 


1515 Massa- 


Jan. 7-10—Third international 


Industrial | 


NICB, 460) 


Contact 


Washington 5, |} 


sym- | 


posium on radioisotopes in clinical ap- | 


plication and research, Bad Gastein, 
Austria Contact Second Medical 
Clinic, Vienna Univ., Vienna, Austria 


Jan. 29-31 
New York 
K. K. Darrow 
York 27 


American Physical Society, 
Neu Y orker 


Columbia 


Contact 


Univ., New 


ot Me 


turbine power 


March 2-6 -American Society 
chanical Engineer's gas 
division conference 
ington, |). ¢ 
L. 8. Dennegar 


New York 18 


March 17 21 Nuclear 
include 
Amphitheater 
Nuclear 
gress 
Contact 


Shoreham Contact 


ASME, 20 West 


39 St 


Congress will 
ent at International 
Chicago: A. Fourth 
Seence Con 
running all 
manager, 
kingineers 
B. Atomi 


four @ 


Engineering & 
kJ 
congress 
Institute of Chemical 
West York 18 
Industrial Forum Atom Fair, all five 
days, contact J. \ Friel, 304 Archi- 
tects Bldg, Philadelphia 4 C. Sixth 
Hot Laboratories & Equipment Con 
ference, 19-20th; contact Frank Ring, 
Jr, ORNL, Oak Ridge, Tenn. OD. 
Sixth Atom energy Industry 
Conference, National Industrial Con- 
ference Board, 17-19th; John 
J. MeMahon, 460 Park Ave., NYC 


five days 


American 


5 St New 


in 


contact 


| 


ind exhibit, Wash- | 








CORROSION AND WEAR 
HANDBOOK 


JUST PUBLISHED. 


ground information, 


Authoritative back 
procedures, test data, 
and special studies relating to corrosion 
and wear problems in reactors using high 
temperature, high-purity water as a heat 

transfer medium Based 
on work sponsored by 
Naval Reactors Branch, 
USAEC. M contributi 
authors; Editor, D ¥ 
DePaul, Westinghouse 
Elec. Comp. 2% pp., 7i 
x 10}, 152 illus, $6.00 








NUCLEAR 
CHEMICAL 
ENGINEERING 


JUST PUBLISHED. A guide to the extra 
chemical engineerin knowledge needed in 
today's nuclear pw Ba Jeacribes im 
portant methods developed to effectively 
process and produce nuclear reactor 
materials Covers every major chemical 
aspect including concentration, purification, 
and separation. Techniques described  in- 
clude separation and purification of in 
tensely radioactive materials on a large 
scale. By Manson Benedict and Thomas A 
Eeford, both of MIT. 594 pp., 166 illus , 
.. ) 








MATHEMATICS FOR 
SCIENCE & ENGINEERING 


JUST PUBLISHED. Reference book 
especially to help engineers and technicians 
find, understand, and apply the mathemati 
cal procedures best adapted to solve a par 
ticular problem simply 

and que kly. Covers math 

ematics all the way from 

arithmetic to such things 

as complex numbers, in 

finite series, and methods 

of approximation By 

Philip L. Alger, Consult 

Eng... GE pp. 117 

figures, $6.95 


planned 














EPOXY RESINS 


PUBLISHED 

the whole range 

of information needed to 

make effective industrial use of epoxy resins 
Applications, covered against a background 
of chemistry and technology of the 

and their reactions in curing, include com 
plete tting of eclectrix coils used in 
Pilenoide torroid coils, etc. By Henry Lee, 
Tech. Div., and Kriss Neville, Proj. Eng., 
both of The pouyate Corporation. 15 pp 
176 illus., 98.00 


JUST 


Covers 


resins 
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 sicGrnw-in Book Co., Dept. NU.10 
é. 96 


327 W. 4iet St., N.Y 
Send me book(s) checked below for 10 days | 
examination on approval, In 10 days I will | 
remit for book(s) l keep, plus few cents for 
and return unwanted book(s | 
pay delivery 
this coupon 


delivery costs 
postpaid (We 
remit with 
privilege.) 


cmts if you 
same return | 
[) Depaul 
) Benedict 
Eng., 99.50 
Alger Math. for Sci 
C) Lee & Neville-—Epoxy 
(PRINT) 
Name 
Address 
Cit 


Compan) 


Corrosion & Wear Hadbk., $6.00 | 
& Piglord—Nuclear Chem 

1.95 

$8.00 


& Eng 
Resins, 


Position 


Vor price and terms outside US 


write McGraw-Hill Int'l, N.VA NU.10 
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HIGH TEMPERATURE 
NUCLEAR MATERIALS 


EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all gaplorment opportunities 
executive, management, technical, selling, office, skilled, manual, etc 


NATIONAL? 
NEQVERAGE 7 rome some 


JS Port Time Work 
DISPLAYED 


The advertising rate is $16.75 per inch for all 
advertising appearing on other than a con 
tract basis. Contract rates quoted on request 

An advertising inch is measured {” vertically 
on a column—3 columns inches 
page 

Subject to Agency Commision 


Send NEW ADS or inquiries to Classified Adv 


” 


to a 


Civil Service Opportunities 
Selling Opportunities Wanted 
Selling Opportunities Offered 


RATES 


Div 


Employment Agencies 
Employment Services 
labor Burecus 


UNDISPLAYED 


$1.80 per line, mimimum 3 lines. To figure 
payment count 5 average words as a line 

Position Wanted ads are 4 of above rate 

Box Numbers—counts as | line 

Discount of 10% if full payment is made in 
advance for 4 consecutive insertions 

Not subject to Agency Commission 


of NUCLEONICS, P.O. Box 12, N. Y. 36, N. Y. 











SENIOR NUCLEAR ENGINEER 


RESPONSIBLE POSITION 
PIONEERING IN MARINE NUCLEAR WORK 
PARTICULARLY APPLICATION AND SHIELDING 


DESIGN AGENT FOR FIRST NUCLEAR MERCHANT SHIP FOR 
MARITIME ADMINISTRATION AND ATOMIC ENERGY COMMISSION 


Please Mail Experience Record 


GEORGE G. SHARP, INC. 
30 CHURCH STREET, NEW YORK 7, N.Y. 











FLORIDA 


offers opportunities in 


NUCLEAR ENGINEERING 


RADIOLOGICAL 
SAFETY ENGINEERING 


Teaching and Research 


Florida is one of six schools selected to 
teach the first half of the ORSORT 
course. Degree program expanding 
rapidly. Cobalt-60 source in use. 
Highly developed subcritical assembly 
for instruction. Argonaut type train 
ing reactor under construction 


Write: Director 
Nuclear Engineering Program 
College of Engineering 
University of Florida 
Gainesville, Florida 














PROFESSIONAL 
SERVICES 


RESEARCH 


Research on high temperature reac- 
tions, determinations of physical 
properties, development of novel 
methods of fabrication of materials 
that will be employed in future nu- 
clear applications 

If you have had professional experi- 
ence and are ready to move into in- 
creased responsibilities—contact us. 
We have openings for scientists with 
either limited experi- 


ence, 


advanced or 


Clevite Research Center develops 
new principles and new products for 
other units of Clevite Corporation. 
The Research Center provides the 
ideal environment for the engineer 
because it has been supplied with 
the facilities, equipment and library 
to provide new knowledge and new 
products for Clevite Corporation, a 
company whose entire product line 
is in the growth fields of electronics, 
semiconductors and automotive and 
aircraft power plants. 


Write E. A. GENTRY or Call 
ULster 1-5500 Collect 
CLEVITE RESEARCH CENTER 


540 East 105 Street 
Cleveland 8, Ohio 








PHYSICIST 


NUCLEAR PHYSICS RESEARCH 
LABORATORY STAFF 


Work will include design and de- 
velopment of mechanical and elec- 
tronic equipment. Bachelor’s or mas- 
ter’s degree. Excellent working atmos- 
phere and conditions. Tuition privi- 
offered. Write University of 
Pennsylvania Personnel Office, 3446 
Walnut Street, Philadelphia, 4, Pa., 
education, experience, 
and salary desired, or telephone 
Evergreen 6-0100, Extension 8143 


FOR 


leges 


stating age, 

















ARCHITECT-ENGINEER SERVICES 
Mechanical-Electrical-Civil-Structural 
All types of installations—All activity levels 
VENTILATION CONSULTANTS 
Faulty ventilation installations corrected 
Access Permittee—-Experienced cleared 
Dersonnel 
BRAYMAN & CO. 
Capito! 7-9465 


A 4 
27 School St., Boston 6, Mass. 








John MacPhee 


Nuclear Engineer 
P. O. Box 80 
Rowayton, Conn. 











OMEGA ENGINEERING CO. 


Specialists in engineering and piping design 
for reactor fluid systems, structural costain- 
ment, test loops, purification systems and waste 
disposal systems. Contact Mr. Brodsky 

70 East 45 St., N. ¥. 17 
Murrey Hill 9-7254 








REPLIES (Box No.): Address office nearest you 
c/o This publication Classified Adv. Div 
NEW YORK: P. O. Box 12 (36) 
CHICAGO: 520 N. Michigan Ave, (1! 
SAN FRANCISCO: 68 Post St. (#4 


Positions Wanted 


Ener.-Physicist, M.S, (nuclear physics), 41, six 

years research and development in dielectric mate 

four at project level, seeks position in com 

nuclear power or effects of radiation on 
PW-6180, Nucleonics 


rials 
mercial 
materials 


Engineer: Mech. Ener., MS Metallurgy, physical 
metallurgical and engineering mechanics experience, 
extensive mathematical background, presently LTJG 
USN, instructor in nuclear weapons, Married, 27, 
desire reactor engineering, Available April, 1958 
PW-5962, Nucleonics 


Special Services 


Equipment Repair Co. 1810 W. Ogden, 
AO-Beckman-B&L-Coleman-Klett- 


Laboratory 
Cheo 12, ih 
Leitz 


Medical 
Electronic 
I 2-2 


Industrial and 
struments Repaired 
ago 10, Ill 


Laboratory Radiation In- 
Aides, § / Hu 
134 


bard, Chic 
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areleiaia mele: (ell cian 


eiaaetan snore 


PMal sr ACclem-talemeau2-lélclem emer)! 


fine-grained structure 


At 650° a few fine grains in 


dal meetclah(cla@-Lelaeielinmeiael. | 


Uranium SINGLE Crystals... 
99.992% Pure 


The purest uranium in the world is 

obtained as clusters of electrolytic deposits like 

that shown in the background. The pure, 

clean metal is valuable in itself for research. 

Still more valuable are the single crystals made from 
Argonne metallurgists developed the 


FTalemerelsbiialelcmcemelac) Milililm. 
such metal. / barrier is reached. Single 
methods for making ultra pure uranium castings and 
the single crystals, opening the way for 

improved uranium technology. 


oaUhMideliibiil:maele 


dyn ne 


 copduenetints LABORATORY 


Operated by the University of Ct ag 
contract with the United States Ato Eneray € 


PROFESSIONAL PERSONNEL OFFICE 
P. O. BOX 299 + LEMONT, ILLINOIS 


MATHEMATICIANS + PHYSICISTS - METALLURGISTS - CHEMISTS 

HEALTH PHYSICISTS + INDUSTRIAL HYGIENISTS 

ENGINEERS: ELECTRICAL, CHEMICAL, METALLURGICAL, COMPUTER, 
PLANT, MECHANICAL, ELECTRONICS 


Inquiries Invited 





EMPLOYMENT OPPORTUNITIES 
SENIOR 


ENGINEERS 
RESEARCH ieee 
PHYSICIST 


The new Central Research Laboratory of Continental Can 
Company has a vacancy for a versatile scientist with ad- 


: 

GROUND FLOOR 
vanced degrees and industrial experience to pioneer in the m : 
application of acoustics, optics, mathematical physics, elec- OPPORTUNITIES 
tronics, rheology, solid state physics, and other fundamental \ ot 
fields to long-range industrial problems in such areas as en- FOR 
ergy conversion, automatic PRODUCTION MI ED 

’ ND 

The wide variety of materials manufactured or fabricated at 
high speeds by Continental includes metals, glass, plastics, 
paper, fibre, and combinations of these, and provides oppor- 


communications 
tunities for advancing knowledge in many new fields. Re 


search facilities of the Company’s new Chicago laboratories 


are believed second to none 


controls, instrumentation, and 


, and are 


located so as to allou 


staff members to live in some of the finest western and south 


NUCLEAR REACTOR 
ern suburbs of the city. Proximity to the John Crerar Library 
Armour Research 


Foundation, the University of Chicago, 
y g 
Argonne National Laboratory, and many leading manufac 


turers of scientific and technical equipment enhances profes 


sional development and expedites accomplishment in chosen 
fields. 


Staff members are granted the full degree of individual re« 


ognition attainable in a total staff of 100 covering the fields 


A 
of chemistry, metallurgy, engineering, and physics, and have 


new Technical Production 
Operation has been formed at 

General Electric's expanding 

the opportunity to work closely with scientists and engineers Aircraft Nuclear 
in the other fields. Salaries and other benefits meet the high 
est industrial standards 


Propulsion 
Department, to handle produc- 
tion engineering and control of 

highly technical, chemical and 
Director Physics Research 


metallurgical processing of nu- 
Central Research and Engineering Division 


clear components. 
POSITIONS 
IMMEDIATELY AVAILABLE 
CONTINENTAL CAN CO. 
7622 S. Racine Avenue, Chicago 20, Illinois. 


AT ALL LEVELS 
IN PRODUCTION OF; 


* SHIELDING 
* FUEL ELEMENTS 
* CONTROL MATERIALS 


Please write, giving a brief resume of qualifications, to 





CHEMISTS—CHEMICAL ENGINEERS 
Opportunities in the Atomic Energy field with 
ALCO PRODUCTS, INC. 

Designer and Builder of the Army Package Power Reactor 
Fields open in our expanding Atomic Energy Department include design 
and evaluation of nuclear reactor systems, chemical technolo 
with nuclear power plants, water treatment, and related fielc 


ey associated 
s. 
Send resume of your qualifications and salary requirements to: 


G. R. Stevens, Manager 
Employee Services Department 


Production background in phys- 
ical metallurgy or chemical] en- 
gineering desired, 

Starting Salaries are fully com 
petitive, and backed by a com- 
prehensive benefit program that 
includes Insurance, Pension and 


Stock Bonus Plans 
ALCO Products, Inc. 


And at General Electric your 
Schenectady 5, New York 


professional development is en- 
couraged through in-plant tech 
nical and managerial training 
and a Full Tuition Refund 
Plan for graduate study. 
Ck : of t cat 
ELECTRONICS ENGINEER glen orga 
' 
FOR NUCLEAR PHYSICS RESEARCH P pc el 
LABORATORY ee 
invites applications for the position of 
Scientific Director of Reactor Operations 


RELOCATION 





VENEZUELAN INSTITUTE FOR 
NEUROLOGY AND BRAIN RESEARCH 
CARACAS, VENEZUELA 





For design and development of equipment of 
varied nature, from D.C. to .001 


ond pulses, Wide experience 
consider 


Candidates should have a degree in 
one of the physical sciences or en 
. pends on qualifications 
gineering and experience in the op 
‘ : : with industry working conditions 
eration of nuclear reactors and in and atmosphere. Write University of Pennsyl 
the direction of research activities vania Personnel Office, 3446 Walnut 
relating to the use of reactors and Phila. 4, Penna., stating age, 
associated equipment perience and salary desired, or 
Evergreen 6-0100, Extension 8143. 

For further details regarding terms 
of employment, salary, living condi 
tions, etc., candidates should submit 
detailed applications to 


microsec 


useful but 


EXPENSES PAID 
younger man of promime 


- Publication of Technical 
will 
Salary de 


Papers Is Encouraged 
compares favorably 


Excellent 


Why not take time out today to 
tell us about yourself—you'll 
hear from us in less 
week 


St 
education, ex 


than a 
telephone 





Write in confidence, stating sal 
ary requirements to location 
u prefer 
4. 8. Resselot L. A. Munther 
ENGINEERS P.O. Box 132 P.O. Box 535 
If you have been looking for an Employment Cincinnati, Ohio 
. Agency that is skilled in the STATE OF THE ART 
W. H. Zinn of Technical Recruitment and RELIABILITY OF 
. INFORMATION concerning 
General Nuclear Engineering 
Corporation 


idaho Falls, idaho 
Positions, why not 
communicate with us at once! ALL POSITIONS 
FEE PAID 
P. O. Box 245, Dunedin, Florida 


GENERAL @@ ELECTRIC 
180 Gee Oe Ce 


> Phila. 7, Pa. 
Spectalists in Aviation, Electronics and Nucleonics 
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GROWTH 


is the reward 


of a challenging 


CAREER 


with a leader in the field of nuclear reactors 





Joining the staff of Combustion Engineering means 

the start of a new career. These are not merely jobs, 

but, opportunities to work on projects years ahead. 

Combustion Engineering is one of the world’s largest 

companies in the production of steam generating equip- 

ment. Its Reactor Development Division in Windsor, 

Connecticut, midway between New York and Boston 

is complete with new buildings, equipment and ad 

vanced facilities, providing the finest working condi- lon abate Genter eatentinte Gleniesin 
tions. We are now developing and manufacturing a © OMEN Onpernent 


nuclear propulsion plant for naval application. Excel Lower photo—left to right-—Dr.'s Sic 
a prop Pp v Ppp . ney Visner, Marvin Slater, Edward ¢ 


lent residential areas vary from rural to urban. In loops and William P. Stoker analyzing 


the results from critical experiments 


addition to many additional employee benefits, the 


company finances an advanced degree program at 


MATHEMATICAL PROGRAMMERS 
Minimum -B.S., M.S. or equivalent 


THEORETICAL AND 
» EXPERIMENTAL PHYSICISTS 
The nation's NUCLEAR ENGINEERS 
largest privately APPLIED MATHEMATICIANS 
owned nuclear . Submit Resume to Ph.D. or equivalent 
engineering and | Frederic A. Wyatt 


ae COMBUSTION ENGINEERING, INC. 


REACTOR DEVELOPMENT DIVISION, WINDSOR, CONN. 


the Hartford Graduate Center of Rensselaer Polytechnic 


Institute. Write or call us now. 
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The Reactor Moderator of Tomorrow 

















BERYLLIUM OXIDE 
CERAMICS 





Thermal Refractories makes available 
the products of 
National Beryllia Corp. 
producers and fabricators of 
beryllium oxide ceramics 
for the atomic energy field 


PHYSICAL CHARACTERISTICS OF BeO: 


® Melting point above 4,600 F 
® High thermal conductivity 


* Excellent electrical insulator 
* Low thermal expansion 


® Extreme hardness 


TECHNICAL AND PRECISION CERAMICS ALSO OFFERED IN THE FOLLOWING BODIES 


SINTERED | = eine. 
ZIRCONIA | | | - THORIA 
- | SINTERED | 
| ALUMINUM OXIDE 


l 


VISIT US AT BOOTH #187 -'57 ATOMFAIR 


THERMAL REFRACTORIES CORP. 


4501 DELL AVENUE @ NORTH BERGEN, N. J 








IRRADIATION SERVICES 
RADIOCHEMICAL ANALYSIS 
MATERIALS TESTING 
RESEARCH AND DEVELOPMENT 
CONSULTATION 


INDUSTRIAL RADIATION CENTER 
A 1350 curie cobalt-60 source, with supporting 
laboratory facilities, located conveniently in 
Long Island City. is available for experimental 
work under controlled conditions at reasonable 


| rates 


RAI GAMMALAB 
A small cobalt irradiator designed and pric ed for 
use as a standard piece of laboratory equipment. 


VISIT RAI AT BOOTH No. 150 
‘57 ATOMFAIR and ARRANGE FOR A 
ONE HOUR ROUND-TRIP VISIT 
TO OUR RADIATION CENTER 


Rectiadion A tft licalions “ft ovatled 


342 MADISON AVENUE, NEW YORK 17, N. Y. OXford 7-2578 
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sion, Borg-Warner Corp.... 97 To insure that no dust would pass through the machine and out into 
Massachusetts Dept. of Com- the air, this vacuum cleaner was furnished with four separate filter 
merce and the Commission bags. Even with this added load, the Hild machine had enough 
on Atomic Energy 133 reserve power to do the job. 


McGraw-Hill Book Co. 46, 155 Leading Nuclear plants use Hild equipment because Hild builds to 
Metalab Equipment Company. 150 the highest safety standards. In addition to industrial floor machines 
Metals & Controls Corporation and vacuum cleaners, Hild offers a complete line of UL Listed 
Nuclear Products Division. . 139 EXPLOSION PROOF cleaning equipment—all with totally enclosed 
motors and switches which decrease loss due to contamination. 


iy 


oa 
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If your plant has a maintenance problem—whether it is radioactive 
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Pacific Coast Engineering Com- elena Company 
pany 43 











| Address 
Penberthy Instrument Co. 155 |) 328 
| City Zone State 








Vol. 15, No. 10 - October, 1957 161 








RELIABILITY—all tubes, diodes, pulse 
transformers and other components 
operate at less than one-half of 
maximum rating. This conservative 
rating plus simple, efficient design 
throughout insures long term, 
trouble-free operation. Some early 
purchasers of the 3300 have ordered 
their second and third units. 


SPEED— hundred point curve statis- 
tics accumulated in seconds—accu- 
mulates data faster than one million 
counts per minute tolerates input 
ulse rate without data distortion as 
igh as 5 x 10° counts per minute. 
Formerly tedious, expensive low 
counting rate experiments can be set 
up in man-minutes— done overnight. 


PRINTED OUTPUT Model %300 is 
regularly delivered with a pen re- 
cording system. A decimal! printer 
may also “ provided for rapid tabu- 
lation of data which frees researchers 
from mountainous quantities of tab- 
ulating work before data analysis 
ns. 


Delivery from Stock 


RADIATION 


LEMMILL 


5737 Souwth Halsted « 


AIDL 


Magnetic Core Memory 
Spectrometer 
Model 3300 





INSTRUMENT DEVELOPMENT 


Chicago 21, 


LABORATORY 


Itlinois 


Telephone WEntworth 6-2346 + Cable Address RADILAB 
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Thermo Electric Co. Inc. 104 
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Where To Buy 155 
White Industrial Division, S$. S.. 96 
Wood Counter Laboratories, N. 147 
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but NUCLEONICS assumes no responsi- 
bility for errors or omissions 
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Baird-Atomic’s 


NEW scintication SYSTEM 
i‘ SCINTILLATION 


Available for the first time... one system for the stable, analytic 
measurement of isotopes emitting either gamma rays or hard 


beta rays or a mixture of both...from solid or liquid samples, 


You are cordially invited to visit 
our Booth 307 
at the 
ATOMIC TRADE FAIR 
Oct. 28-31 


New York Coliseum 


@ Counting of Biological and Medical Samples 
@e Pulse height spectrum analyses 
@ Physical and industrial measurements 


e ‘‘Chemistry-Free’’ Gamma and Beta and Gamma-Beta applications 


System consists of Model 810A complete scintillation amplifier 
and Model 1032 Multiscaler. 


GAMMA SCINTILLATION 

(High gamma — low beta sensitivity) 

Well-type geometry of Model 810A and com- 
pletely light-tight assembly of type 810-20 crystal 
assembly permits high efficiency precision count 
ing of all gamma emitters. 

Over-all system stability permits separation of 
gamma emitters by use of precision pulse height 
selector to determine spectrum operating range 
These features allow not only integral spectrum 
analysis but also the determination of useful 


gamma-pairs such as I'**-Cr°', Fe®’-Cr°', Co®’-Co”’, 


and Na**-K*?, 


BETA SCINTILLATION 

(High beta 

Use of a Type 811-7 Beta Well (completely inter 
changeable with type 810-20 well and type 810-21 
solid gamma crystals) allows, for the first time, 
scintillation well counting of hard betas 
(> 1 Mev) with no source preparation required 


low gamma sensitivity) 


Permits use of this system for quantitative routine 
beta counting in high-geometry well climinat 
ing dependence on source positioning and sample 
self-absorption for such beta emitters as P**, Na**, 
K**, Sr’? and others 


Baird-Atomic, Inc. 


33 UNIVERSITY RD., CAMBRIDGE 38, MASS 





Let Honeywell plan your 


nuclear reactor instrumentation... 








Honeywell can deliver a control panel and con 


sole for your critical facility, research reactor 


or atomic power plant in a complete, custom- 


ized package. 


You get a control system of the latest design, 
engineered with easy-to-maintain standard 
products . . . including all the amplifiers, con 
trollers and recorders. Assembly and testing 


are supervised by Honeywell’s Nuclear Engi- 


from initial specs to startup 


neering Staff. The system is delivered ready 
for startup. It’s backed by industry’s largest- 
by-far instrument service organization. 


Call your nearby Honeywell field engineer as 
soon as your reactor plans begin. He’s as near 


as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Windrim 


Industrial Division, Wayne and 


Avenues, Philadelphia 44, Pa. 


Honeywell 
H Frat in Couttols. 





